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My attention was firet directed to this subject 
by the late Professor Greenfield, when, as Stark 
scholar in Clinical Medicine, I sought his advice as 
to a suitable line of research. He was specially 
interested in blood viscosity from the point of view 
of its possible relation to blood pressure and the 
production of disease of the circulator*y system.I
An examination of the literature shewed that opinions 
on essential points varied widely, and it was obvious 
that a wide survey of the subject was necessary 
before such a relationship could be fully appreciated.
The following Thesis embodies the results of my 
investigation.
For access to most of the cases I am indebted 
to Professor Greenfield, but many of them were seen 
in other medical wards of the Infirmary as well as 
in the Royal Hospital for Sick Children, and the 
Maternity Hospital.
2.
SCOPE OF THE WORK.
In order to make a comprehensive study of Blood
Viscosity I drew up the following scheme of observa­
tions to be recorded in all cases.-
Name, age, and sex of patient.
Date, time of day, and hour of last meal.
Temperature, and state of the weather.
Diagnosis, and duration of the disease.
Viscosity reading.
Blood examination - R.B.C., Hb., and W.B.C.
Blood pressure estimation, with note of the
condition of the vessel wall and the thickness 
of the patient’s arm.
The temperature, pulse and respiration rate.
Amount of exercise taken by patient.
Presence or absence of perspiration, oedema, 
cyanosis.
Quantity of urine passed in 24 hours; abnormal 
constituents etc.
State of the bowel3 .
In special cases the alkalinity, specific gravity and-
coagulation time of the blood, were also examined. 
These/
These facta were entered on index cards to 
facilitate comparison of various factors. A brief 
abstract of the history, etc., was entered on the 
reverse of the card.
Upwards of 500 cases were examined - many of 
them several time3 . At first, attention was directed 
to normal cases, then later to various conditions of 
disease. Many types of illness were included in this 
survey, but experience soon shewed from which cases 
most information was to be gained, and special atten­
tion was given to these.
In addition to this, a good deal of laboratory 
work was done on the factors influencing the taking 
of the blood and the working of the instrument, and 
on the share of the various blood elements in pro­
ducing viscosity.
4.
THE VISCOSITY OF THE BLOOD.
The blood normally is about five times as thick 
as water and in health varies but little from this 
figure. Wide differences, however, may appear in 
disease, my highest reading - 24.25 (in a congenital 
heart case with polycythaemia) being more than 
sixteen times greater than the lowest - 1.50 (the 
reading in a case of pernicious anaemia, where the 
blood was little better than plasma.) This considera­
tion at once shews how extremely important the vis­
cosity of the blood is, in the economy of the body.
It is of especial importance in the physics of the 
circulation, for the speed of the blood varies 
inversely, as its thickness, and the amount flowing 
through a given organ depends on the same factor.
Other things being equal, an alteration in the 
viscosity will increase or diminish the amount of 
work the heart is called upon to perform. It has been 
shewn that in a system of tubes the thickness of the 
flowing blood controls the pressure (Bayliss 1916),
hence blood viscosity must be an important factor in
'
maintaining the blood pressure. Such considerations 
have led Hirsch and Beck (1901), Gheinisse (1910), 
Allbutt (1898) and Lauder Brunton (1914) to believe 




causes of cardiac hypertrophy, and of arterial 
degeneration.
The blood viscosity is a physiological constant, 
just as the temperature and the pulse rate are, and 
it is probable that the body can compensate for even 
considerable alterations of the viscosity by addition 
or abstraction of water, as well as by changes in the 
lumen of the blood channels. Under diseased con­
ditions, as in nephritis, these reserve powers may be 
seriously impaired so that the body can no longer keep 
the blood viscosity at its proper level.
The thickness of the blood also governs the rate 
of metabolic exchange between the blood and the 
tissues and so is of great importance in the normal 
functioning of the organs. Increased viscosity 
diminishes the speed of diffusion between the dis­
solved salts although the osmotic tension remains the 
same (Mayer 1901). Hence the thickness of the blood 
will to some extent protect the red corpuscles against 
haemolysis. The blood viscosity probably produces 
modifications in the renal filtration.
Several of these points have been confirmed by 
animal experiments. Heffter in 1892 first noticed 
the importance of the degree of viscosity in the 
fluid he employed for perfusion of the heart.
Albanese (1893) shewed that the perfusing fluids 
ought/
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ought to be isoviSCOU3 aa well as Isotonic with the 
normal blood. Similar observations were made by 
Trommsdorff (1901).
Heubner (1905) shewed that the electrical re­
action of a rabbit’s muscle depended on the viscosity 
of the fluid. He also noted that an isoviscous and 
isotonic gum solution washed out of the vessels of
an animal more readily and quickly than normal saline
.
alone. ■
Roger (1908) found that when perfusing the 
vessels of a newly killed animal, much fluid escaped 
into the tissues if Locke’s solution was employed, 
but that the addition of a suitable amount of gum 
prevented this occurring.
|
Several authors, especially in later years,
(Bruck 1910, Ochlecker 1910, Simon 1911
»1and Susenguth 1912) have recommended viscosity 
examination as an aid to diagnosis and prognosis in 
acute abdominal conditions. They believe that by 
its use they can differentiate internal haemorrhage 
from appendicitis and in the latter disease can even 
tell how much of the peritoneum is involved.
Bachmann (1909) speaks of its importance as a 
diagnostic between pneumonia and typhoid, while 
Gsepai and Torday(1911) claim that they have dis­
covered a method based on viscosity examination, 
for/
7.
In concluding his review of the subject, Clifford 
Allbutt remarks.- "If as yet the estimation of 
viscosity be of little clinical service, it is 
desirable notwithstanding, that academic observations 
on the subject should still be persued, seeing that 
it is concerned with those dynamical problems of 
molecular constitution, osmotic pressures, electro­
conductivity and chemical physics on which life 
depends." And again - "If the viscosiraeter cannot 
become a handy clinical instrument, yet the clinician 
must demand from the physiologist some approximate 
calculations of the potent, if not dominant factor 




H I S T O R I C A L .
Considering the importance of the subject it is 
curious that until recent years it should have re­
ceived so little attention. This,Martinet (1912) 
attributes to two causes, the lack of an instrument 
suitable for clinical investigation, and the contra­
dictory results obtained by the earlier observations. 
In addition to this, coagulation of the blood pre­
vented extended clinical examinations.
The earliest investigator to turn his attention 
to the subject was Stephen Hales, who in 1733 
published in his "Statical Essays" (p. 47) an account 
of his observations on the thickness of the blood.
He introduced different solutions into the aorta of 
dead dogs under constant conditions of pressure and 
observed the amount and rate of outflow from the 
cut capillaries of the mesentery and noticed that the 
greatest resistance to flow, was met in the smallest 
vessels.
Nothing further appears to have been done for 
more than a century, when Poiseuille took up the 
subject. Attracted to the investigation as a 
physiological problem, he carried out such elaborate 
and careful experiments that his work has remained 
the/
9.
the standard on which physicists have based all 
subsequent investigations. In 1043 he published an 
account of experiments where various salt solutions 
were perfused through the vessels of a frog and 
through glass tubes. The results did not tally well 
(since the solutions were neither isoviscous nor 
isotonic) and he adopted the simpler plan of examining 
the conditions influencing the flow of fluids in glass 
capillary tubes. He discovered the influence of 
temperature, pressure, and the size of the capillary 
on the ”transpirability" of simple fluids and con­
structed a formula which included those factors.
q = K — ^  or K = SJkL H D if.
where Q is the outflow amount, H the pressure in 
mm. of Hg., D and L the diameter and length of the 
capillary and K a constant varying with the fluid 
and the temperature.
The physiological aspect of Poiseuille’s work 
seems to have been forgotten for many years.
In 1871 Matthews Duncan and Gamgee, studying the 
mechanical theory of dysmenorrhoea, did a few experi­
ments on the viscosity of blood and drew attention 
to the findings of Poiseuille.
Haro/
10.
Haro (1873) working with a viBcosimeter of hour glass 
design actuated by gravity, confirmed that in­
creased temperature lowered the viscosity of 
defibrinated blood In vitro. He also noted that the 
addition of C0 a increased the viscosity and suggested 
that the slow pulse of asphyxia may be due to this.
In 1876 he reported that chloroform, ether and bile 
salts all raised the viscosity in vitro.
Ewald (1877) found considerable differences in blood 
viscosity in his patients but could find no 
definite relation between viscosity and any 
disease process.
Graham Brown (1894) using an ingenious apparatus
fitted with an electric time recorder, investi­
gated the influence of temperature on blood flow
in vitro and concluded that if the findings were
*
transferable to the living organism, a febrile tempera 
ture would be a boon, since the increased rate of flow 
would considerably lessen the heart work.
Nicholls (1896) in his paper on ',Haemodynamics,,,
deals with blood flow in a theoretical manner, 
basing his remarks on the flow of simple solu­
tions in rigid tubes. He notes that if Poiseuille's 
law- holds there can be no slipping between the vessel 




of fluid which w'ets the walls, remains motionless, and 
hence the resistance to steady motion must be altogether
due to the viscosity (internal friction) of the liquid.'
Lewy (1896) reviewed the existing knowledge of the 
subject but added nothing to it, except the 
statement that the Laws of flow were applicable 
to fluids containing suspended particles.
Up till this time all observations had been made on 
defibrinated or oxalated blood, which might differ 
very considerably and have no constant relation to
Ifthe living blood. A new epoch wras begun by Hurthle 
who announced at Toronto in 1897 that by tying a 
canula into the neck of a dog he could examine the 
viscosity of the unaltered blood. He shewed that 
Poiseuille's Law was still valid though the driving 
pressure varied rhythmically, as in the living body.
A further advance was made by Beck and Hirsh 
(1901) who introduced an instrument on the Ostwald 
principle which could be employed in clinical
I
investigations.
From then onwards, the subject received ever 
increasing attention, each year seeing more and more 
papers dealing with it. The introduction in 1907 
of two simple clinical viscosimeters by Determann and 
by Hess gave a further stimulus to the investigations, 
and allowed of the discovery of many important facts.
A complete review of the literature from 1900 to 
date has been made, but is too bulky to include here.
A fluid which wets the walls of a tube flows in 
a series of concentric cylinders, the outer zone 
remaining stationary and attached to the walls, the 
axial stream moving moat rapidly. From the centre 
to the periphery, each successive layer moves more 
and more slowly as if held back by the layer outside 
it. A simple demonstration of this is seen when 
washing out a pipette that has been used for measuring 
blood. When the blood is run out, a thin film re- 
mains behind attached to the walls. Suck up more 
saline and the blood can be drawn to the top of the 
pipette above a column of clear fluid. Now let the 
pipette slowly empty itself and the red colour will 
be seen spreading down the centre of the tube while
I »
the peripheral zone remains clear.
Dunstan and Thole (1914) believe that the 
viscosity of a liquid is at least a dual phenomenon, 
a mechanical friction of molecule against molecule, 
depending on relative molecular surface and volume, 
and secondly a resistance to deformation due to the 
mutual attraction of the molecules.
The conditions which govern the flow of homo­
geneous fluids in narrow tubes are expressed by the





quantity of blood, R radius of the capillary, L its 
length, T time in seconds and V a constant varying 
with the fluid (i*e. its viscosity) and the temperature. 
Expressed in words the lav/ states that quantity of 
flow varies with the sectional area of the tube, the 
pressure and the time and inversely as the length of 
the tube and the factor V.
V then = — -~—
8 L M.
Now if one tube be employed in examining two different 
fluids at the same temperature, all the factors can 
be eliminated except T (time) so that the ratio 
V : Vj = T : • The viscosity of blood is
usually compared with that of water which for simplicity 
is given the value 1 .
Hence V = 2L- i.e. the flow time of a sample
Ti
of blood, divided by the flow time of water, in the 
same instrument, under the same conditions, gives the 
viscosity of the blood relative to the viscosity of 
distilled water. (This ’’Relative Viscosity" must 
not be confused with the "absolute viscosity", 
expressed in O.G.S. units, which was employed by the 
older workers and is still in use amongst pure 
scientists.)
i I
In passing, it should be noticed that increasing 
temperature may affect different fluids to a different 
extent. This is the case with blood and water.
For/
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For normal ranges of blood viscosity, the readings 
are close enough for practical purposes, but the 
divergence becomes more and more marked as the thick­
ness of the blood increases and the estimations tend 
to be too high.
PoisBeullle *s Law though introduced for simple 
fluids, has been shewn by Ewald and by Lewy to govern 
the changes in suspensions such as blood. This has 
been accepted by most workers and has also been con- 
firmed by physicists working with inorganic fluids. 
Rothmann (1913), however, doubte the validity and 
believes that the viscosity depends on the relation
of the size of the R.B.C. to the capillary diameter.■
Poiseuille’s Law is only applicable to fluids
which wet the walls of a tube. To test whether the.
blood wet the arterial walls, Hirsh and Beck (1905), 
cut open the aorta in a newly killed animal and found
a concave meniscus formed by the blood. This was• ’ .
confirmed by Heubner (1905).
.
Hurthle shewed that Poiseuille’s law was still
■
operative though the pressure be varying as in thei
body.
Much discussion has ranged round the question of 
the correct pressure to be employed in examinations 
of viscosity. Muntzer and Block contend that at least 
20 m.m. Hg. should be employed, as lower pressures
give/
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give bad results. Others, complain that too high 
pressures introduce complications and invalidate the 
findings. A steady flow such as is required by 
Poiseuille's Law, is only got where the pressure lies 
within certain limits, above this point - the 
"critical speed" of Reynolds - the flow becomes 
turbulent, some of the potential energy being expended 
in forming eddies within the liquid. Flow in the 
living capillaries and arterioles must be slow and 
under low pressure, so it would seem that similar 
conditions in the viscosimeter would give the best 
results.
There has been some doubt shewn as to whether 
the findings in vitro can be transferred to the 
living body (Rothmann 1915), but most authorities 
believe that the viscosimeter gives a fairly accurate 
picture of the internal friction of the blood as 
exerted in the vessels.
The blood is by no means a simple or homogeneous 
fluid, but consists of many elements, delicately 
balanced and apt to be disturbed by minute factors. 
Regarded as a mixture of corpuscles and plasma, it 
is a coarse suspension, in which the suspended 
elements are extremely susceptible to slight altera­
tions in reaction or composition of the plasma.
Since/
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Since the plasma ia a watery fluid and wets tubes, 
it must also wet the surface of the corpuscles and form 
a thin immovable envelope round them.
The plasma, too, is a complex liquid, composed 
of many colloidal and crystalloidal substances which 
contribute directly to the viscosity and also in­
directly., by their interplay on each other and on 
the corpuscles. Physically the plasma would fall 
into the class of the "emulsoids".
HIRSCH B eck
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The choice of a Viscosimeter.
A large number of instruments have been suggested, 
for use at the bedside but they nearly all fall into 
one of three classes. A great landmark in the
I Scientific investigation of Viscosity was the intro­
duction in 1894 of an elaborate instrument by Thorpe 
and Rodger and one of a somewhat different type by 
Ostwald. These machines require a large quantity of 
fluid and are unsuitable for clinical use.
Hirsh and Beck (1901) suggested a modified 
"Ostwald” which only required a small amount of blood. 
The instrument is a U-shaped capillary tube with
two bulbs blown on it, one on either limb at different 
| . • 
levels. A quantity of blood is put into it and is
sucked up into the higher bulb. It is then allowed
to flow through the U part of the tube to the
lower bulb under pressure of 452 m.m. of benzol.
(= 29 m.m. Hg.)j the time taken to pass two marks
being noted and compared with the flow time of pure
aniline, which, they contend has a specific gravity
approximating that of the blood.
Somewhat similar modifications of the Ostwald
type have been described by Mayer (1901), Denning
and Watson (1906), Fillippi (1909) Luziani (1910),
and/
D ET ER M A N N
H ESS
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and Trevan (1918). In some of these the blood was 
allowed to flow under the pressure of its own weight. 
A much more practical clinical instrument was
described in 1907 by Determann. This consists of a
'
straight capillary tube with a small bulb near each 
end, and is enclosed in a glass water jacket which 
is pivotted at its middle, so that it can be turned
with either bulb uppermost. Blood is drawn in up
'
to a definite mark and the time required for the 
blood to sink from one point to another is noted.
The hour glass arrangement allows repeated observa­
tions to be easily made. Haro in 1877 had employed 
a somewhat similar device.
All these instruments allow for the maintenance 
of a constant temperature during the examination, by 
the employment of a water bath or a water mantle.
Hess thought that if the examination were made 
at room temperature, without the use of a regulator,
.
the error involved would not exceed 4$, which is
negligible when compared with errors due to the
personal equation. His viscosimeter, described in
1907, differs from all the foregoing, i !
Two graduated capillary tubes mounted horizontally
!
on a board, are connected with a suction bulb in such 
a way that pressures are equally distributed between 
them. Into a small reservoir at the end of one tube 
is put some distilled water and a portion of the 
other/
19
other tube is detachable, so that it can be readily- 
filled with the blood sample. Suction is applied 
for a short time and the fluids are drawn up to 
different levels in inverse proportion to their 
thickness. A comparison of the readings at once 
gives the relative viscosity. This instrument is very 
simple and easy to manipulate, but has several die-i
advantages, especially a lack of means to control 
the temperature and the pressure employed.
Munzer and Block (1912) after elaborate experi­
ments with different instruments and tubes under 
varying pressures, introduced a modification of Hess' 
instrument having a water jacket and a vacuum bottle 
which could be exhausted to any required degree.
These refinements make it rather cumbersome for 
general use.
Robert-Tissot (1907) relying on an entirely 
different principle, produced an intricate piece of 
mechanism which he claimed to be "the simplest form 
of viscosimeter". A plunger dipping into a test
| fluid is set in motion and the viscosity is calculated..
from the rate the oscillations are damped down.
That the results obtained with such an instrument 
tally closely with those got by other methods, speaks 
well for the reliability of viscosimetry.
Simplification has been carried too far in some 
instruments/
20.
instruments at the expense of accuracy. This is the
case in MacCaskey’s (1911) and in the clinical
apparatus of Denning and Watson (1906) (No fault can
be found with the very elaborate apparatus the latter
authors employed in their laboratory experiments.)I •
Of the instruments mentioned, those of Determann
and of Hess have had the greatest vogue. Comparison 
of the results obtained with these viscosimeters 
shewed that the figures with the Hess machine were 
lower than those in the Determannrs and much contro­
versy ha3 raged between the opposing partisans over 
this question. Deterraann, who employs the weight of 
the blood column as driving force (= about 7.35 m.m. 
Hg.) states that the Hess Instrument allows too high 
and varying pressures, which give false results by 
introducing "turbulent flow". The supporters of Hess 
on the other hand, say that the correct pressure 
should be between 50 and 60 m.m. of mercury, and that 
the weight of the blood is not sufficient. They also
I
suggest that the vertical arrangement in Deterraann’s.
machine and the 3low rate of flow will allow of 
sedimentation of the corpuscles.
On physical grounds the viscosimeter of 
Determann, appears to be the soundest and most re­
liable.
21.
I have mad© use of three different types.
Denning and Watson's clinical apparatus was soon Bet 
aside as being utterly unreliable and none of the 
results obtained with it ..have been included. All the 
clinical observations were made with Determann's 
¡model, and for the laboratory investigations where it 
was desirable to employ large quantities of blood, 
a modified "Ostwald" was used.
22.
Before the introduction of Leech extract, 
observations were made on oxalated or defibrinated 
blood, which, of course, differed considerably from 
normal blood. Some authors, e.g. Hess, trust to the 
speed of their manipulations and add no anticoagulant 
to the blood. They can only make single observations
on each sample and even then the results will frequent-j
ly be vitiated by the early onset of coagulation.
Krone (1910) doubts the value of all results obtained 
without the use of Hirudin.
Hirudin is now almost universally employed in 
examinations of the blood viscosity. By its use, 
clotting can be indefinitely delayed, and the blood
can be handled as an ordinary fluid and examined as
■
often as is desirable. Most authorities state that 
it does not physically alter the blood in any way.
A few, however, believe that it facilitates sediment­
ation of the corpuscles. It is difficult to see how 
this can be so (apart from its action as an anti­
coagulant) since the minute amount of hirudin employ- 
ed, does not alter the composition of the plasma.
The question was tested by making some rapid 
examinations of blood without the addition of hirudin 
and comparing the results with hirudinised blood taken 
at the same time. More extended observations were 
mads on the blood from a case of haemophilia with the 
following satisfactory results.-
The use of Hirudin as an Anticoagulant.

24.
Points to be observed in taking samples of blood 
and in working the Viscosimeter.
It is well known that samples of blood taken from 
different part3 of the body may differ greatly in conH 
position and in gaseous content. Hess recommends
Icongesting a finger by dipping it in warm water and 
then carefully drying it before taking the sample. 
Congestion of a finger by a constricting band, even 
for a few seconds may concentrate the plasma or raise j 
I the amount of carbon dioxide. Blood from a vein is 
dark in colour and always has a higher viscosity than 
arterial or capillary blood.
All these methods are open to objection and only 
J blood from the lobe of the ear should be employed.
Even here precautions are necessary. The composition 
of the blood sample depends on the character of the 
puncture and if uniform results are to be obtained, 
a very free flow is required* Such free flow means 
that the blood is coming from larger vessels and is 
| unmixed with lymph (or only slightly so). A slower 
flow will allow admixture with tissue juices and 
changes may occur in the blood before it can be 
examined.
To ensure a successful flow a practice was made 
of first congesting the ear by friction and then 
making two large punctures in it.
The/
25.
The following figures illustrate these points.- 
(182) A sample of blood which oozed slowly from a 
single small puncture gave a reading of 5.50. Later 
two deep punctures were made so that the blood came 
rapidly and formed a hanging drop from which the 
instrument was filled. The reading was now 4.25.
These findings were confirmed in other cases.
In working the viscosimeter it is well to 
discard the first few readings while the walls of the 
instrument are being wetted, as these tend to be too 
high. The figures soon reach a constant level, e.g.
No. of 
Reading. Viscosity R. B. C . Hb. W.B.C.




(5) 6.75 and so on.
i Effect of Sedimentation.
If it 1b necessary to leave the blood in the 
instrument for some time before examining it, the 
corpuscles tend to settle by gravity to the lower 
part of the fluid and leave the upper layers cell 
free. This unequal distribution profoundly alters 
the values observed, e.g.
When/
N
When first examined a blood gave V = 4.55;
R.B.C. 4870000; Hb. 88.









(20) 4.55 the original constant.
Where the blood is thicker an opposite result 
may appear.
A case of jaundice gave V = 6.52,
R.B.C. 5150000, Hb. 84. After standing some 
time the corpuscles settled into visible clumps and 
the reading was V = 7.50 ; then after much runningT
the blood appeared to be thoroughly mixed and the 
figure was now 6.87. Hence a perfect mixing of the 
blood elements is essential for a correct estimation 
of viscosity.
All Air Bubbles in the instrument must be care- 
fully avoided. A small bubble in the bulb is of 
little account, but when it slips into the narrow 




tiny air bubbles lengthened the flow time in one 
case from 23 to 30 and three bubbles were sufficient 
to prevent all flow.
A very slight error in the quantity of blood in 
the instrument causes considerable difference in the 
readings, but the zero mark is on a narrow part of 
the tube and with reasonable care such an error is 
impossible. Excess of flow reduces the flow time, 
shortage lengthens it.
The temperature of the water in the mantle must 
be kept at the standard temperature (20° C.) in order 
that readings may be comparable. Specially con­
structed tables shewing the necessary correction can 
be employed where it Í3 impossible to maintain a 
uniform temperature.
All observers have noted the influence of tempers, 
ture on the viscosity of fluids, with rise of 
temperature the fall in viscosity is rapid and uniform, 
and can be graphically represented by a straight line 
When higher temperatures are reached, heat coagulation 
of proteins upsets this regular change, but this is 
outside the range of temperatures likely to be 
observed.
Numerous experiments were conducted to test the 
effect of increased heat on the viscosity. The 






















































































































































Mcsgm&Z. Variation© In Viscosity Headings.
B®fftar© considering tin© alterations in viscosity 
fnvaod in diseas©, it »as necessary to find out what 
range ©ff figpr©® ©©curred under normal conditions.
To ascertain tSais, upward© of SO normal cases were 
ezaninea. These gave an average viscosity of 5.21 
for males, time figure for females being a little lower .
Weldh C19111 using, a. similar instrument found 
5.42 far sales and 5.12 for females; while Determann 
(ISC'S) gives 4.798 and 4.516 respectively: and Jorns 
5 . 37 and 5 .08 .
Workers will* the Bess instrument found somewhat 
lower figures. Hess gives the normal range for males 
4.3 - 5*3 .and for females 3.9 - 4.0, Bachman 
4.7 - 4.3, Austrian 4.55 and 4.51, Matsuo 4.428 
and 4.017, Martinet 3.6 - 4.5 and Trunpp 4.25.
Reading© obtained with the Hirsch and Beck 
apparatus more resemble those got with Determann's, 
e.g. Hirsh and Beck gave 5.1, Kottmann 5.11, Rotky 
5.12 and. Berne a 5.4.
It is of interest to note that instruments 
depending on quite different principles give closely 
similar results. Rohert-Tissot found males 4.79 
and females 4.51, and McCaskey 4.5 - 5.5.
In the older papers wrhere defibrinated blood was 








































































From the foregoing table it will be seen that 
the viscosity rises with increasing years, till it 
reaches a maximum in the period 30 - 39, and that 
the No. of R.B.C. and the Hb. attain their highest 
point at the same time. After 40 years of age these
!figures steadily fall. On the other hand, the 
Systolic Blood pressure shews no maximum at middle 
life but continues to rise steadily as age advances. 
This rise and fall of blood viscosity is also noticed 
by Hess (1904).
Age 0-10 10-80 20-35 35-50 50-81
Viscosity 3.89 4.43 4.70 4.91 4.62
The age periods are somewhat longer in this 
case and do not give such a good idea of the true 
curve.
Since the viscosity readings vary so greatly at 
different times of life, it will be necessary to
compare the figure given by each patient with the
normal for his age. No stress seems to have been
Ilaid on this point by previous workers, who content 
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Like other "body constants, Temperature, etc., 
the viscosity of the blood varies within narrow limits 
throughout the day. In the above example the 
difference between the lowest and highest figures is 
but 6$. Blunschy (1908) found a daily variation of 
11.8$, the highest reading being got in the morning, 
followed by a fall as the mid-day meal approached 
when the viscosity rose again, to fall once more as 
the afternoon advanced, the lowest readings being got 
between 2 and 6 p.m. Martinet (1912) believes that 
the viscosity does not vary more than .2$ during the 
day. Most authorities note that the number of red 
corpuscles and the water content of the blood vary 
throughout the day, these changes being attributed to 
exercise and to digestion. Starling (1909, p.75,) 
states that the composition of the blood is altered 
by meals, a Blood shewing 5000000 R.B.C. with a 
Sp. Gr. of 1061 rose to 5400000 and 1065 one and a 
half hours after a meal, and fell to normal two hours 
later* Ewing (Clin. Path, of Blood 1904, p.92) 
states that the No. of R.B.C. gradually falls during 
the day and rises at night. For an hour or so after
fmeals the R.B.0. are temporarily reduced. Schafer 
shews that these variations may amount to 4 5/$ of
the normal number of cells. Robert-Tissot (1907) 
and Burton-Opitz (1902) note that viscosity is higher 



















A large number of cases were repeatedly examined 
over considerable periods. Changes in viscosity from 
day to day were found to be very slight - in the 
above example amounting to only 4$.
Several observers note that the variations under 
normal conditions are very small, while in disease 
very profound changes may be present.
White (1911) working with dogfish, found the 
highest daily variation to be only
Hurthle (1900) found the blood viscosity in 
dogs to be higher in summer than in winter.
Prom the above observations it will, be evident 
that the blood must be examined under as uniform 
conditions as possible, especially as regards relation 
to meat times, time of day and exercise. Also, 
since the variations due to age and sex are even more 
considerable, it will be necessary to keep them in 




Analysis of factors influencing Blood Viscosity.
Before proceeding to examine the results obtained 
in diseased conditions, it is desirable that we should 
analyse as far as possible the factors which contribute 
to the Blood Viscosity.
Nearly all observers agree that the Viscosity does 
not depend entirely on any one constituent of the 
Blood, but a review of the literature shews a con­
siderable difference of opinion as to which element 
is the most important. Most authors allude to the 
importance of the formed elements.
R.B.G. and Blood Viscosity.* -
j
Ewart (1904), Burton Opitz (1907), Bachmann (1909),
Welsh (1911), Josu©/ and Parturier (1916) consider.
the Red Blood Corpuscles the principal factor in the 
production of the viscosity. Amerling (1911) suggests 
that the correspondence is so close, that the viscosity 
might be examined in order to get an idea of the 
number of R.B.C. present.
Most other authors, while recognising some 
parallelism between the Viscosity and the R.B.C., 
consider the corpuscles of secondary importance.
Rotky (1907) and Kottmann (1907) deny that there is 
any regular relationship and hence the corpuscles 
have /
37.
have no marked effect on the total viscosity.
\Weill and Gardere (1912) believe that all 
variations of over 10$ from the normal must be 
attributed to the R.B.C.
This divergence of opinion is to be attributed 
largely to the class of data the author has at his 
command. If he has confined himself to making 
clinical observations, the relationship is not 
striking, but as soon as in vitro experiments are 
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( C l in ic a l  ob se rva tion s  on Normal Cases.)
TABLE 2.
V to No. of R.B.C.
Case Age V is c o s it y No. o f R .B .C . Hb.
41 6 4.25 4450000 90
76 52 4.38 3930000 70
42 17 4.55 4740000 85
216 16 4.87 4730000 89
248 16 4.92 4720000 88
193 16 4.95 4540000 88
206 16 4.95 4780000 88
49 - 5.00 4960000 95
14 8 5.00 . 4730000 80
189 16 5.02 4570000 88
222 12 5.05 4520000 89
192 16 5.12 4540000 88
16 13 5.18 4870000 90
12 44 5.38 4330000 92
11 36 6.62 5030000 96
39.
TABLE 3.
No. Of R.B.C. to V.
Case Age No. of R.B.C. Viscosity. Hb.
278 26 4510000 5.57 87
232 21 4670000 5.25 91
195 69 4710000 5.12 92
47 32 4720000 5.30 90
170 62 4770000 4.70 95
183 34 4-980000 5.35 94
127 62 5060000 4.75 95
66 23 5190000 5.25 95
90 37 5460000 6.25 98
A comparison of the foregoing tables shews that 
the movements of the Viscosity and the Number of 
R.B.C. are by no means uniform or close, though it is 
true that the high figures in each case occur at the 
same end of the tables. Both Trumpp and Scheitlin 
point out that high and low values of viscosity and 
R.B.C. correspond while the middle figures do not.
This is further exemplified by the following details 
taken at random from the tables of disease conditions.
40.
_Case Age Viscosity R.B.C. Hb. Diagnosis.
121 50 2.25 1640000 34 Pernicious
Anaemia.
306 26 2.75 1810000 46 Ditto.
389 20 3.98 3150000 72 Ditto.
as
I '
22 6.40 5570000 106 Mit ralStenosis.
321 34 8.50 5440000 103 Cardiac Failure.
424 21 11 7520000 112 Severe Mitral 
Stenosis.
The older writers, recalling the tendency of the
.
red blood corpuscles to run together and form 
rouleaux, speak of the corpuscles themselves being 
viscous and believe that they increase the viscosity 
by rubbing against each other. This view is no 
longer tenable, since it has been proved that solid 
particles in a fluid exert a passive influence and 
only become important when they approach so close 
together that their attraction spheres are practically 
continuous.
41.
Josue7 and Parturier (1916) olaim that a much 
closer parallelism exists betv/een the volume of the 
R.B.G. and Viscosity than between the Viscosity and 
the Number of the Red Cells.
Kottmann (1907) also points out the importance 
of the corpuscular volume and says that both the 
number and the volume of the R.B.C. must be estimated 
to give a complete idea of the rubbing surface.
A few other writers who have worked at the question 
recognise the importance of the corpuscle volume, 
while Trumpp (1911) and Blunschy (1908) could find 
no exact ratio.
A number of cases were specially examined to 
investigate this question and the results will be 
found tabulated below (Table 4.) It will be noticed 
again that increase in R.B.C. Volume is closely 
follov7ed by rise in the blood viscosity. Some dis­
crepancies occur, but reference to the columns shewing 
Hb. and No. of R.B.C. will usually afford an 
explanation.
Volume of R.B.O. and Blood Viscosity.
Percentage Volump 
Larrabee's (1911) Volume index (Percentage No. RBC)
has also been worked out and tabulated. It varies 
most irregularly and in no way corresponds to the 
viscosity.
Similarly the colour index bears no obvious 
























rt* y ■ PQ 
6?
1






i  *X  o¿ Oo
"NON. OO
l X  O r~






































•>> •fi •© 0 0 •'d
•©•rHo o • •H © © •H COa • •H œ ■P fi •H • o o© © Œ •rH •rH P • E © ro a £fi •H • • fi -p fi •H © © d • •H So CÖhO s © ro <fi •rH •fi O •H © p ro © *H© © •H •H *d •P CD P JW •H •H o C/3 ofi <3 P -p H fi fi •H fi I—1 © fift fi •H •rH CÖ < O to © rH o © <fi |o<3 fi fi o •H fi ft © fi rH o<+H •fi •fi lü •p ■d B •H a © o 0o >s ft ft fi •H rH fi o p 03 © £fi © © >s © O CÖ © •H © 03 1 a <Da3 © © ft •P rfi a P © O o P•H t3 tH CÖ P © p rH •H fi COE fi © © fi © s tí © •fi © © fi •H© o -P P fi •p 3 ft p ft ft fi © O 0© Ü fi fi © fi © O fi B © P P fi pfi © o O rH o X o t>> •H •H fi © •H<3 C/3 <3 <3 ft <3 S ft <3 ft o a <1 o a
iß 03 iH CD CD H IS 1—i CO CD to IS O rH GìCD O ts 05 CO 05 05 05 CO O' o 05 CO 05 Gì• • • 0 0 0 0 0 * 0 0 0 0 • 0rH rH
CD rH rH to to CO 02 rH CO CO CO 03 05o rH 0- (—! 05 03 rH rH o rH 03 o ■cJ4 O• • * • 0 0 0 • • • • • 0 0 •rH rH rH rH rH rH rH rH rH rH rH rH rH
iß •et4 05 o to CD O 03 tß to O 03 O Oto H4 tß Iß O' CD ts ts CD CO CO CO O' OrH
o O o O o O O o O Q o o o o Oo O o o o O O o o O o o o o Oo O o o o o O o o O o o o o oo o o o o o o o o o o o o o oCD o 05 Iß tß 03 tß CO o •ct4 03 to to rHo ■ci4 ts o o 03 05 CO o to o rH 05 CD OrH 03 to to Kt4 CO CO to ■d4 "Ö4 et4 et4 CO Iß
IO to Iß 03 CD o o to to O' o Iß OiH t~ Iß ts O' O O' CD o O' to to et4 O• • • • 0 0 0 0 0 0 0 0 0 0 003 03 to to to tß et4 to to ct4 to •ci4 CD
CD o to IO03 rH CD co O o 03 CO O' 0- CD 03 Iß CO0 • • • 0 0 0 • 0 0 0 « « ♦ 003 CO ts IS O Iß to to to is 05 rH 03 •et403 03 03 to to d4 et4 •et4 •ct4 c© to Iß io
to to tß ts to o 00 o ■«tf4 O' rH 1—Í ct4 00 co03 Iß CD Nt4 03 03 1—i rH 03 03 CO •et4 03
• • • • 0 • 0 • • 0 • • • • •ft ft a a a ft a ft a a a a a ft a
05 tN CO •et4 rH to tS to rH o rH o to 03 co05 O o 05 O o 05 rH rH rH 05 o o 05 oIß Iß ■ci4 tß tß to to to •ct4 tß Iß e© IO
43.
An examination of the tables given above will 
shew a very close parallelism between the Hb. percent­
age and the viscosity, but once more the relationship 
is not exact.
Bachmann in 1908, claimed that he had found a
Hbconstant in the quotient . The normal he said
should be about 20 ( ^ = 20) with a rangeV 4.5
of 17 ~ 21.
Matsuo (1912) got somewhat higher figures.
Hess, Trumpp, Austrian and Determann point out 
that the quotient is low in anaemias and in
acute infections - Typhoid, Pneumonia, Measles,
Scarlet and Diphtheria - but these observations do 
not help in diagnosis and prognosis.
In Normal cases I have found the quotient to lie 
between 16.4 and 18, the lower figures being due to 
the higher reading which is obtained with Determann's 
instrument. (Bachmann and most of the other observers 
employed the Hess Machine.)
Where discrepancies exist between the viscosity 
and corpuscular readings, it may be found that the 
haemoglobin is unusually low or high, and an 
unexpected R.B.C. count may explain a divergence 
between/
Haemoglobin percentage and Blood Viscosity.
44.
It would therefore appear that a factor including both 
R.B.C. and Hb. might show a more constant relationship.
of a/ 1Figures corresponding to the formula 2
have been worked out for the above tables and these 
do give a slightly better correspondence.
The product of these figures ( R . B . C X  Hb.%) has 
; also been tried with no greater success.
Discrepancies are still so marked that it must be 
concluded that other factors are concerned in the 
question.
Specific Gravity of the Blood and Viscosity.
Although the Specific Gravity of the blood 
depends closely on the amount of Hb. present in it, 
the relation between Viscosity and Specific Gravity
I is by no means as near as that between Viscosity and 
haemoglobin. A few authors find some correspondence, 
but most do not, while Adam (1907) and McCaskey (1908) 
point out that the two factors may vary in inverse 
direction, a low Viscosity being associated with a 
high Specific Gravity and conversely.
TABLE 5./
* The Sp. gr. was estimated by Hammerschlag'a method.















As the Sp. gr. rises the viscosity readings also 
tend to mount, hut several of the figures seem out of 
place. Reference to the R.B.O. and Hb. columns may 
explain some of them, others still elude us. The 
extra high results - 6.25 and 7.50 - are due to the 
cyanosis present in these cases.
Blood "Alkalinity” and Viscosity.
In 80 cases parallel observations were made on 
the blood viscosity and Mblood alkalinity” to see if 
any connection could be observed. The ”alkalinity" 
was measured in most of these cases by the Flocculent 
Precipitate Reaction of Boycott and Chisholm (1909).
In a few Wright's Method was employed and in others 
that of Landoi3.
No relationship was to be noted, each level of 
alkalinity shewing a wide range of viscosity figures. 
Where the same case was examined on several occasions 
there seemed to be a tendency for the alkalinity and
viscosity to vary inversely, but this was by no means
■
constant.
One of the lowest Alkalinity readings was got in
a moribund and very cyanotic case associated with a
viscosity of 7.50.
It is highly probable that parallel estimates of
the blood viscosity and the H-ion concentration of the
blood would reveal interesting results, but I have not 
yet had an opportunity of making such observations.
46.
47.
It is well known that blood from different parts 
of the circulation may vary considerably in its 
characters. Many workers have pointed out that venoijs 
blood has a higher viscosity than arterial or capillary 
blood, and attribute this to the amount of carbon 
dioxide carried. Lauder Brunton in his wTherapeutics 
of the Circulation” remarks that a poor blood flow 
during venesection can be immediately improved by 
giving the patient oxygen inhalation. The high 
viscosity readings obtained in cases where cyanosis 
is present are reduced by oxygen administration, and 
several observers, e.g. Austrian (1911) and Broking 
(1909) - note that in rebreathing experiments, the 
blood viscosity rises with the increase of carbon 
dioxide in the blood. This increase in viscosity 
is explained by the control which carbon dioxide 
exerts on the distribution of salts and water between 
the corpuscles and the plasma. Hamburger (1893) 
pointed out that carbon dioxide increased the volume 
of the red blood corpuscles and altered their 
permeability. von Limbeck (1895) confirmed this and 
shewed that increase of COg raised the number of 
R.B.C. per c.m.m., and increased the thickness of the 
blood, as well as the Nitrogen content and the solids 
of the plasma, while the volume of the plasma and its 
NaCl diminished. The R.B.G. increase in volume by
taking/
Gaseous Content of the Blood.
48.
taking up water, chlorides and nitrogen.
On the other hand Rotky (1907) claims that C02 
also raises the viscosity of the plasma and Adam (1909 
who denies that COg has any action on the plasma, 
shews that the viscosity of laked blood is considerabl 
raised when C0g is passed through it. These observa­
tions suggest that the changes in the R.B.G. are not 
the only cause of the altered viscosity.
Experiments on the viscosity of inanimate 
suspensoids shew that, within limits, the size of the 
particles matters little, though their total volume 
per unit of the solution is of consequence.
It is probable, then, that the raised viscosity 
resulting from Increase of 00g is to be attributed 
chiefly to concentration of the plasma and to a direct 
effect of the gas on the plasma colloids. Almost the 
only dissentient is Langstroth (1919) who could not 
demonstrate any relation of the viscosity to the 00g 
or Og content of the blood.
Venous Blood. The influence of carbon dioxide 
on the viscosity can be readily seen when samples of 
blood are simultaneously examined from the ear and 







Blood from ear 5.625, from vein 6.075 
" 5.5 , " " 5.58
49.
In both cases the blood withdrawn from the vein 
was obviously much darker in colour than the other.
Local Stasis of the circulation such as can be 
produced by the application of a rubber bandage on a 
limb also causes profound increase in the viscosity of 
the blood in the part. This has frequently been 
pointed to as additional evidence of the action of 
COg. While part of the increase may be due to this 
cause, it must be remembered that the blood may be 
concentrated in the stagnant area by the raised 
pressure leading to increased passage of fluid from 
the blood into the tissues. (c.f. Leonard Hill - 
"Further advances in Physiology" p. 167)
The effect of congesting an arm for one hour 
with a Martin's bandage is seen in the following 
experiment
Blood from finger V = 4.575 (R.B.C.vol. = 49.6;
taken at once
Taken 1 hr. later V = 7.00 (R.B.C.vol. = 51.65$)
The slight congestion of the finger necessary to 
obtain a sample of blood makes a little difference in 
its composition and this should be borne in mind when 
samples have to be taken from a finger for blood 
counts.
e.g. Blood from 2 fresh punctures on the ear V=5.3
Blood from similar punctures on con­
gested finger . . . .  V=5.4
50.
The influence of carbon dioxide can be readily 
demonstrated in vitro.- e.g.
Reading when taken = 7.87
After C0g bubbled through = 8.25
After shaking with air = 7 . 3 0
This experiment was repeated several times with 
samples of normal blood, oxalated blood and mixtures 
of washed corpuscles in plasma.
The presence of visible bubbles of gas in the 
fluid, such as appear after shaking with air or COg 
greatly increases the viscosity reading.
Corpuscular emulsion, dark from standing. V = 7
After 2 mins. shaking with air -- 
Fluid now bright but shews minute bubbles V = 7.5
After bubbles have disappeared . . V = 6.75
Cyanosis and Blood Viscosity.
The hyperviscosing effect of carbon dioxide on 





Similar results were shewn by many other cases 
which will be readily recognised in the tables of 
diseases. In the above group, it will be noticed 
that the readings are high in two of the cases where 
oedema was also present.
Amongst the series of patients shewing cyanosis 
were two who also suffered from severe vomiting, the 







Sex Age Viscosity R.B.O. Hb. Remarks.
M. 43 5.60 5770000 102 Arterio sclerosis.
n i t 10.9 6370000 112 Very Cyanotic, 
vomiting all food. 
Complains of severe 
cramps.
f f 6.25 5190000 100 No cyanosis, vomiting 
nor cramps.
53.
The influence of the fluids of the blood on the 
total viscosity is well shewn by conditions which 
withdraw fluids from the circulation, the perspiration 
of fever and muscular exercise, vomiting, diarrhoea 
and diuresis, etc.
The changes produced by the hot air bath illus- 
trate this well.
Patient, a male aged 41, very oedematcus and 
dyspnoeic, was admitted after suffering 16 days from 
an attack of Nephritis. He was only passing 26 ozs. 
of urine of high specific gravity and his blood 
pressure stood at 174.
Viscosity R.B.C. Hb.
4.52 4880000 96 Reading at 10.30 p.m.
Hot air bath begun 
10.50 p.m.
4.60 4920000 97 Sweating considerably
11.10 p.m.
4,70 4990000 99 When bath stopped at
11.30 p»m.'
12 days later after a course of daily baths the!




Blood Plasma and Viscosity.
I
54.
Similar results have been recorded by Kundig (1903), 
Lommel (1904), Brunton Opitz (1906) and Determann
(1907).
Hot water baths on the other hand produce a 
lowering of blood viscosity, while a cold water bath 
also tends to raise viscosity. That these changes 
are due to alterations in the water content of the 
plasma is shewn by the fact that the No. of R.B.O., 
the Hb. and the Sp. gr. closely follow the alterations 
in the viscosity (c.f. Meyer* 1902 - Zeits.f. diatet 
und phys. Therap.VI 7) .
The danger of allowing cardiac or vascular cases 
with an already high blood viscosity to indulge in 
hot air baths is obvious.
Loss of fluid from perspiration during muscular 
exercise produces a similar result.
V. R.B.C. Hb.
Average of several
examinations 4.22 4200000 86
After severe exertion 4.38 4320000 87
The effect of such loss, of course, is quite temporary 
and the figures soon return to their original level. 
Bohme (1910) shews that after brief severe exercise, 
plasma concentrated by 7 - 8-g$ increase in albumin, 
returns, to normal within 5 to 10 minutes. Blunschy
(1908) found that while short forced work raised 
blood/
55.
i blood viscosity, long continued severe work 
(ski running) accompanied with just as much 
sweating produced a lowering of the viscosity.
The amount of blood concentration as measured by 
the viscosity is suggested as a differential testI 7
between organic and functional conditions of the 
heart (Bachmann 1910). The patients are asked to 
run up and down stairs several times and the blood 
is examined a second time. In functional cases the 
increased viscosity does not exceed .4, but where 
organic lesions are present the rise is much greater.
The free perspiration associated with raised
temperatures in some cases leads to loss of body
fluids and high viscosity, e.g. -
Case Tempr . Viscosity R.B.C. Hb. W.B.C.
LO004 ( 100°F \ 6.88 5100000 100 8800 Aneurism etc





6.12 4080000 89 16200 Pleurisy "c Effusion, 
with copious 
perspiration
) 97.4° 5.08 3690000 82 10600 2 days later
299 ( 101°
)r
6.20 4900000 90 12800 Pneumonia 4th day.
) 96° 4.75 4910000 90 7300 Pneumonia 19th day.
Copious Vomiting and diarrhoea also concentrates 
the blood plasma and so raise the blood viscosity.
Case Age Viscosity R.B.C. Hb.
424 Male 21 11. 7520000 112 Severe Mitral Stenosis 
with dyspnoea, cyanosis 
& oedema. Been vomiting 
for 6 days.
ft « 5.42 5170000 100 12 days later * still 
some cyanosis and 
dyspnoea.
f n 4.7 88 5 weeks later - Much improved.
ft n 4.57 4120000 82 7 weeks later - very 
well now.
469 Male 64 6.0 6130000 90 Arterio-Sclerosis with headache and copious 
vomiting.
ft 5.502 4950000 82 1 month later - Much 
better.
210 Male 3-|- 6.0 4980000 90 Acute gastro-enteritis,1 day ill. Extreme 
thirst, constant vomiting 
and diarrhoea.
4.12 4290000 86 4 days later - Diarrhoea and vomiting stopped.
The 1033 of plasma fluid in such cases can be 
rapidly made good from the tissues or by 
drinking water.
57.
It is well known that after loss of blood by 
haemorrhage or venesection the bulk of the circulating 
fluid is rapidly adjusted by the addition of watery 
fluid from the tissues. The corpuscles are next made 
up to normal but the Hb. is much longer in regaining 
its former position.
These facts are well illustrated in the following 
case. -
(83) A woman aged 64 with high B.P. and a cerebral 
haemorrhage of six days standing.
V. R.B.C. Hb.
5.602 5100000 102 Examined at 11 a.m.
Bled 10 ozs at 11.30 a.m.
4.61 5020000 90 Taken 3 hours later.
5.1 5570000 92 A week later - Much
clearer mentally.
There is an immediate fall of viscosity, R.B.C. 
and Hb. A week later the R.B.C. have surpassed 
their former limit, but the Hb. has only increased 
2fo, the viscosity is still within the normal 
range.
(344) In a similar case the lasting effect of 
venesection also comes out.
Patient/
Venesection and Blood Viscosity.
58.
Patient a woman aged 54 suffered from high B.P. 
and hemiplegia.
Viscosity R.B.C. Hb. B.P. 
Before venesection 5.61 4790000 94$ 170
6 ozs blood withdrawn
49 hours later 5.44 4690000 78$ 145
10 days later a further venesection.
A month later 4.025 4100000 70 163
Welsh (1911) believes that venesection is the only 
therapeutic method we have for altering the blood 
viscosity. This is scarcely correct, for drastic 
purgatives, diuretics, cardiac tonics and oxygen in 
certain cases can alter blood viscosity, but certainly 
venesection gives the most permanent result .
Blood Fluids and Blood V iscosity.
Much has been written about the importance of 
the various cellular elements in the blood while the 
plasma has received little attention. All the tables 
shewing relation of Number of R.B.C. to Viscosity 
could just as well be considered as shewing increase 
or diminution of the blood plasma. Conditions which 
remove fluid from the system tend to concentrate the 
plasma and increase the number of corpuscles per c.m.m 









of renal and cardiao dropsy with defective excretion of 
urine seem to shew a hydraemic condition of the blood, 
the blood tending to return to normal as excretion is 
established and the oedema diaappears.
The presence of any degree of oedema is associated 
with a reduction in the viscosity.- 
Sex Age Viscosity R.B.C, Hb. Urine B.P.


















Recurrent Pleuricy c  
Effusion. Great 
general oedema.




120 Aortic and Mitral 
Incompetence 
with much oedema.
160 Aortic and Mitral 
Incompetence.
30th June.
Returned to hospital 3rd Aug. - very oedematous. 
" " 4.50 5200000 94 38 168 3rd Aug.
4.75 4520000 94 80 165 1st Sept.
Where cardiac failure and oedema are accompanied by cyanosis 











6.25 5170000 100 16
178 Chronic Nephritis c 
oedema and slight 
cyanosis.
Chronic Asthma o’ 




Southeys tubes in 
use.
Such observations together with those relating 
to the relative percentage volumes of corpuscles and 
plasma shew the influence of the amount of fluid in 
the blood on the viscosity. The amount of blood 
obtained by ear puncture is insufficient for routine 
examination of the plasma viscosity, but this was 
specially examined in a few cases. In these the 
plasma viscosity ranged from 1.50 - 1.95.
Kottmann (1907) gives the normal limits as 1.52 - 
2.89, Robert-Tisaot (1907) as 1.7 - 2.2. The 
plasma viscosity is very stable and alters much 
les3 than that of the total blood.
Many observers - Burton-Opitz (1902), Rotky 
(1907), Welsh (1911), and others - think the plasma 
changes too slight to influence the total viscosity. 
Kottmann (1907) suggests that changes in the plasma 
are of importance only in so far as they lead to 
swelling or shrinkage of the corpuscles. Adam (1909 
and Austrian (1911) point out that although the 
plasma viscosity is low and varies but slightly, 
these small fluctuations may be extremely important 
for the total viscosity. This question will be 




The W.B.O., when normal, constitute such a small
fraction of the solid elements of the blood that it
would appear unlikely that they could exert any direct
influence on the viscosity of the blood. Their plasty
character and tendency to adhere to vessel walls or
%
anything which offers a hold would suggest that bulk 
for bulk they would be more viscous than R.B.C.
| But the increase of a few thousands would scarcely 
alter the cellular composition of the blood. In 
leukaemias where they number hundreds of thousands,
it
a viscosing effect might be looked for. Such cases, 
however, usually shew a varying degree of anaemia 
which would tend to reduce the viscosity and so counter­
act the effect of the hyperleucocytosis. Such was 
the case in two patients examined.-
Sex Age Viscosity R.B.O. Hb. W.B.C.




M. 17 4.25 4300000 65 26000 Lymphatic
Leukaemia 
with 7 5 %  
lymphocytes.
In neither of these is the white count high and the 
viscosity readings seem to correspond with the 
reduction in R.B.C. and Hb.
Kottmann/
Leucocytes and Blood Viscosity.
Kottmann (1907) who thinks the white corpuscles very 
important, quotes a case of myelogenous leukaemia 
where the viscosity amounted to 26.48, the W.B.O. 
being 900,000, the R.B.C. 3140,000 and the plasma 
volume only 1 9 % . He also notes a high viscosity in 
the cell free plasma - 2.62 (Normal 1.7). This point 
is confirmed by Rotky (1907) and by Austrian (1911).
Bachmann (1909) and Austrian (1911) note that in 
leukaemias the viscosity is usually low, while 
Robert-Tis3ot (1907) on the other hand, says that the 
viscosity generally remains high in spite of the 
accompanying anaemia.
By giving injections of gelatine, Holmgren (1913) 
produced an artificial leucocytosis and studied the 
influence of the W.B.C. on blood viscosity. He con­
cluded that the viscosity was independent of the 
absolute number of W.B.C., but depended more directly 
on the relation to the quotient, - Polymorphs / 
Lymphocytes, the greater the proportion of polymorphs 
the higher the viscosity. Gullbring (1913) confirms 
these findings and denies that there is any relation 
between viscosity and R.B.C. or Hb.
Martinet (1912) and Determann (1914) also notice 
the hyperviscous effect of leucocytosis, while 
Blunschy (1908) and Bence (1906) say the while cells 




Hence it will be 3een that there is no uniformity
of opinion on the subject.
When my records were examined from the side of 
the viscosity reading, there seemed to be no relation­
ship whatever with the number of white cells, but a
rough correspondence appeared when the high leucocyte 
counts and the leucopenias were separated from the 
other cases.
Leucopenias.
Seven cases with W.B.O. below 3000 (all Perniciou 
Anaemias) gave viscosity readings - 2.20, 2.30, 2.37, 
2.50, 2.70, 3.75, and 4.50.
Ten cases below 4000 gave readings .- 2.05,
2.75, 3.20, 3.25, 3.92, 4.07, 4.77, 5.25, 6.12.
These include cases of Tuberculosis, Typhoid, 
Pernicious anaemia and Chlorosis.
Twenty-four cases below 5000 W.B.O., range from 
2.07 (Pernicious Anaemia) to 6.32 (Chronic Nephritis) 
and include 3 Beri-Beri Cases,
The figures for Red Corpuscles and Haemoglobin 
are not given here, but it will be seen at onoe the 
conditions are those in which low counts would be 
expected and these, rather than the leucopenia, 
sufficiently account for the diminished viscosity.
It will be noticed too, that a few of the readings are 

















































Fifty-two other cases with leucocytoais ranging 
from 10.000 to 16,300 embrace a wide field of con­
ditions and shew viscosities from 2.50 (Pernicious 
Anaemia) to 10.9 (a case with marked cyanosis and 
vomiting).
With the exception of the three cases in the 
above table where obvious anaemia exists, all the 
cases give a reading a little above normal. It will 
be noticed, however, that they are all febrile con­
ditions with temperatures of 100° F. and over.
Again the increase in the Number of W.B.O. does not 
appear to be accompanied by a proportionate rise in 
the viscosity.
The facts of the case, then, seem to be these, 
within ordinary ranges the figures of viscosity and 
W.B.C. count have no relationship whatever, the
apparent association of leucopenla with a low viscositjy
'
is readily accounted for by the anaemia present, and 
the increased viscosity in cases of hyper-leucocytosie 
by the effects of the accompanying rise of temperature.
66.
Much confusion on this subject existed in the 
older papers. The increasing thickness of the blood, 
as coagulation advanced, was pointed to a3 evidence 
of a close relationship between the two processes, 
if indeed they were not one. The introduction of 
efficient anticoagulante however, has definitely 
separated viscosity from coagulation.
Little attention has been directed to the ques­
tion of a possible connection between the two pro­
cesses and those who have considered it (Trumpp, 
Welsh, Matschawariani) report that the readings shew 
no proportionality. On the other hand Buclimaster 
states that there is an inverse ratio, the Jess the 
viscosity, the greater the coagulation time.
A number of normal and pathological cases were 
investigated by Addis* Method for estimating the rate 
of blood coagulation.
Tables have been prepared shewing the cases in 
order of increasing soagulation time. The corres­
ponding viscosity readings appear to vary in the 
most haphazard fashion, as the following examples 
will shew.-
* Buchmaster. p.218 "The Morphology of Normal and
Pathological Blood" 1906.








Case Coag. Time. Viscosity R.B.C. Hb.
6 min. 7 secs. 5.16 4590000 96
6 30 5.10 4640000 93
6 50 5.00 4740000 93
6 45 4.28 4840000‘ 89
6 .5 4.80 4470000 94
8 40 5.32 4531000 94
8 40 5.68 4960000 98
9 0 6.50 4980000 98
10 - 4.48 3780000 70
Purpura.
45 min. 2.75 2610000 53
Haemophili
It will be noticed that the conditions shewing the 
longest coagulation time have viscosity readings 
much below normal*
A further series of comparative experiments 
was made by the method of Dale and Laidlaw (1912). 
The results were very similar to those obtained 
by the other methods. -
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From the foregoing analysis of clinical cases, 
information has been obtained regarding some of the 
factors which influence the viscosity of the blood 
in the body.
In the majority of cases a parallelism exists 
between the R.B.C. and the viscosity, increasing 
viscosity being accompanied by increase of the R.B.C., 
but except where the red counts are high or very low, 
the parallelism is not very close. A comparison of 
the Corpuscular Volume and the Viscosity yields very 
similar results and an examination of the volume 
index does not help matters.
A similar relationship exists between th6 haemo­
globin and the viscosity, but again anomalous results 
are not infrequent.
A better approximation would be obtained by a 
factor based on both R.B.C. and H b . , for many of the 
apparent exceptional figures are at once explained 
when both items are examined, e.g. an unexpectedly 
low viscosity with a fairly normal count may be due 
to a low haemoglobin reading.
Since the Specific Gravity of the blood depends 
chiefly on the haemoglobin content, it shews a 
similar/
are discrepancies which demand explanation. That
'
the gases of the blood are of extreme importance has 
been demonstrated by examination of cases shewing 
cyanosis and by observations on samples of blood 
withdrawn from the body.
Owing to the imperfect character of the methods 
employed, no connection was found between the viscosit 
and the alkalinity.
IFactors altering the amount of body fluids and 
so concentrating or diluting the plasma are also of 
importance, but such changes can be looked upon as 
altering the number of the corpuscles in unit volume 
and hence offer no help in finding the influence of 
the plaema on the total viscosity. A series of 
examinations of plasma viscosity made at the same 
time as the ordinary blood viscosity readings, would
be of great assistance but it has not been possible.
to obtain them. It is probable that they might
explain the differences in viscosity found in bloods.
which shew similar R.B.C., Hb., and percentage 
volume figures.
There is an appearance of a rough correspondence 
between the viscosity and high or low leucocyte counts 
This has been explained as due to other causes, since 
the/
70.
similar fluctuation with the viscosity. Again there
71.
the leucocytes are usually too small an item to 
seriously affect, viscosity.
The only connection to he observed between 
viscosity and coagulation time, is that bloods which 
clot slowly shew a low viscosity reading. This 
fact is to be accounted for by the anaemia present 
in these cases.
Blood Pressure and Blood Viscosity.
In health the Blood Viscosity is kept fairly 
uniform, but in many diseased conditions it may 
depart far from the normal. The force necessary to 
propel a fluid varies directly with its viscosity, so 
that in the absence of interfering conditions, blood 
viscosity and cardiac activity must move together.
If this be so, the heart's action would be increased 
as the blood thickened and would diminish as the 
fluid became more watery. Hence we would expect to 
find hypertrophy of the heart in all its chambers( 
when high blood viscosity has been present for some 
time.
In the same way a thickened fluid requires a 
higher pressure to force it through a uniform outlet, 
so, other things being equal, a hyperviscous blood 
must be accompanied by a heightened blood pressure. 
Conversely a diluted blood would lead to a low blood 
pressure. One of the most potent causes of arterial 
degeneration is believed to be a long continued high 
blood pressure. Hence we would expoct to get a 
high viscosity and a raised pressure associated with 
arteriosclerosis or at least, present in the pre- 
sclerotic stages of the disease.
These suppositions demand that the vascular 
system/
system remains passive and fails to react to the 
changed conditions. This is extremely unlikely, for 
the vessels are controlled by a very sensitive 
mechanism which responds to the slightest stimulus.
Leaving aside the effect of the vessel walls, 
the blood pressure depends on three principal factors 
cardiac energy, blood viscosity and the sphincter 
action of the peripheral channels. These factors 
must interplay so as to maintain the pressure at an 
approximately constant level, an alteration in one 
calling forth a change in one or both of the others. 
From this it follows that one or all of these factors 
will be affected when the viscosity of the blood is 
altered.
As it is desirable to save the heart as much as 
possible while yet maintaining the blood pressure 
at its proper height» most of the strain of compensa­
tion will fall on the arterioles. The amount of 
flow in a tube is directly proportional to the area 
of its cross section, so these vessels will dilate to 
allow the more rapid passage of a viscous blood and
will contract to keep up the blood pressure when the
/
fluid is thin. An increase in the diameter of only 
20$ is necessary to augment the flow by 50$, so that 
the arterioles should be able to deal easily with 




Leonard Hill remarks that a slight excitation of 
the vasomotor nerves can alter the flow 100^ or more.
The facts, however, may not be so simple.
In the larger vessels an alteration in the thickness 
of the circulating fluid is of little moment, but in 
the smallest channels its influence is paramount, for 
the narrower the tubes the greater the effect of the 
increased viscosity. The result, then, of a hig,h 
viscosity will be a great increase of resistance in 
the capillary beds, which may negative the effect of 
arteriole dilatation and call directly for an in­
crease in the driving pressure. But here again a 
compensating mechanism exists. It has been pointed 
out by several observers (and lately by Krogh (1919) 
in the case of muscle) that in the resting state 
many of the capillaries are collapsed and only a few 
are acting. This reserve may be eaten into, in 
compensating for the increased resistance, but the 
difficulty will again appear when full action is 
called for.
It is probable that the strain is most felt in 
the kidney glomeruli.
Still another factor must be considered.
The blood plasma possesses an osmotic pressure of
about 40 mm. Hg. in virtue of its proteins (6 - Q % )
.
*  Hill. 1907. Recent Advances in Physiology, p.167.
and a slightly greater capillary pressure is necessary 
to neutralise this and so allow of secretion by the 
glomeruli. Where increased blood viscosity follows 
an addition of protein to the plasma, the glomerular 
pressure must be correspondingly raised and with it 
the general blood pressure.
The importance of blood viscosity in maintaining 
blood pressure has been emphasised by Bayliss (1916) 
who advocated introvenous injections of 7% gum solution 
in cases of severe haemorrhage. He also demonstrated, 
the rise of pressure that followed when a more viscous 
fluid was employed in a schema whose driving power 
continued to deliver an equal volume of fluid.
I have frequently observed a similar rise when blood 
was substituted for water in a schema under a constant 
head of pressure.
In view of these considerations it is interest­
ing to not9 that few authors have found any relation 
between viscosity and blood pressure. Bachmann(1910) 
and Welsh (1911) deny that any connection exists.
Bucco (1914), Deterraann (1910) and Trumpp (1911) find 
some correspondence between high and low figures but 
none at all at the normal ranges. Blunschy (1909) 
noted that during exertion the viscosity and blood 
pressure ran parallel though here the connection is 
probably/
probably accidental.
Parkes Weber (writing in Allbutt's System) is 
struck by the almost entire absence of cardiac 
hypertrophy in cases of polyoythaemia, though in one 
case he found some muscular hypertrophy in the walls 
of the medium sized arteries (1904).
By intravenous injections of saline, gelatine 
solutions or blood into animal3( Hess (1909) produced 
an artificial plethora, but after 2-§- months no evidence 
of cardiac enlargement was to be found. Both he and 
Bence (1906) note that hypertrophy of the heart may 
be wanting after prolonged blood viscosity increase.
On the other hand, it has been noticed that 
intra-venous injections of adrenalin by raising the 
blood pressure, lead to increased transudation from 
the vessels, concentration of the blood and increase 
in its v i s c o s i t y c h a n g e s  of a temporary nature.
Similar concentration of the blood follows 
occlusion of veins or obstruction to flow in them.
Müller and Inada (1904), Robert-Tissot (1907), 
Cheinisse (1910) and Allbutt (1911) on theoretical 
grounds suggest that increase of blood viscosity may 
play an important part in the production of vascular 
disease.
To endeavour to settle the question, my cases 
have been examined from several points of view.
Long tables have been drawn up shewing viscosity 
or/ ^
7 7 .
or blood pressure in ascending order and on first 
glance there appears to be no relationship whatever.
It will be remembered that in the tables shewing 
normal figures, the cases being arranged in age 
groups, there was a steady increase of Blood pressure 
aa life advanced, while the viscosity and the blood 
cells attained a maximum between 30 and 40 and then 
declined.
Thus the relationship of viscosity to blood 
pressure varies at the different age periods.
When the records of normal cases are rearranged 
so that the B.P. readings are in order, a similar 
relationship holds, the viscosity at first rising 
with the blood pressure, then later falling a little. 
The viscosity maximum corresponds to 140 mm. H.g. 
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5.2 (All over 60 yrs. 
4.72 " " " "
The continued increase in "blood pressure” at later 
ages is to be looked upon as due to an increase in 
the resistance of the vessel wall with the onset 
of senile sclerosis, rather than a rise in the actual 
pressure in the fluid itself. Indeed it is probable 
that the intravascular pressure actually falls in 
the later years of life when bodily activity is le3s.
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Viscosity Range of V.
14 @ - 100 4.36 1.82 - 6.10
46 at 100 + 4.86 2.75 - 6.40
43 at 110 + 5.21 3.25 - 7.75
37 at 120 + 5.11 2.37 - 7.03
28 at 130 + 4.80 2.30 - 10.90
29 at 140 + 4.87 3.45 - 6.13
16 at 150 + 5.38 4.37 - 7.05
12 at 160 + 5.53 4.25 - 8.50
7 at 170 + 5.18 4.25 - 6.25
7 at 180 + 4.59 4.25 - 5.00
4 at 190 + 4.80 3.88 - 5.52
8 at 200 + 5.27 4.95 6.25
When the pathological cases are arranged in order of 
increasing blood pressure, no close relationship 
between the pressure and the viscosity can be found. 
True the lowest viscosity occurs where the B.P. is 
under 100 m.m. Hg. but the other average figures 
seem to vary very little from the normal.
It would be unjust to try to draw conclusions 
from such a table, for the viscosity averages re­
present a very wide range of readings. It will be 
noticed/
80.
noticed, however, that all the lowest viscosity 
readings are collected in the upper part of the 
table where the B.P. ranges from 140 downwards. 
No similar arrangement of the maximum viscosity 
figures is present.
TABLE 10. High Viscosities.
No. Of Average Range of
Cases. Viscosity. B.P. B .P «
2 10 137 132 - 142
2 8 - h 163 160 - 165
8 7 +- 134 118 - 165
4 6.75 + 123 110 - 162
4 6.50 + 119 110 - 122
11 6.25 + 126 110 - 160
TABLE II. Low Viscosities.
33 Cases 4.25-4.50 - 95 - 165
10 4.00 -f- » 105 - 145
5 3.75 125 113 - 140
5 3.50 132 120 - 140
4 3.25 122 117 - 145
4 2.50 119 95 - 136
3 2.00 118 92 - 135
1 1.82 95 95
Very high viscosity readings may accompany blood 
pressure figures within the normal range, though 
practically each series includes both high and low 
results. In nearly all cases a viscosity of over 
6.00 is only a temporary affair due to cyanosis, 
vomiting or diarrhoea. The last two conditions are 
often associated with low blood pressure while in
*cyanosis the pressure may be raised. H. J. Starling 
says that even in. heart failure the blood pressure 
does not fall, but is normal or even high.
When we examine the low viscosity cases the 
connection seems more evident, for as the viscosity 
falls from 3.50 there is a regular drop in the pres­
sure and in no case is a thin blood associated with 
a blood pressure above normal.
The lowest cases in this series are all anaemias 
of one kind or another, while a little higher up the 
list appear a number of nephritis cases with oedema, 
which would account for the higher blood pressures 
found.
No more exact relationship is to be found when 
individual cases are followed over considerable
periods.
The results are again somewhat irregular.
* H. J. Starling 1906 Lancet Sept. 29th.
J 8 2 .
An arteriosclerotic aged sixty years, examined at 
weekly intervals, shewed B.P. readings of 200, 198, 
and 210, while the Viscosity ran 4.75, 5.25, 5.30.
An aortic and mitral case (aged 51) in a state 
of failure of compensation, gave B.P. 160 f V. 4.75, 
two months later on readmission to hospital in a very 
oederaatous condition, the figures were B.P. 168 and 
V. 4.50. A month later when much improved the B.P. 
was 165 and the V had risen to 4.75.
Sometimes the Blood pressure is kept more constan 
than the viscosity, e.g. on three occasions a double 
aortic patient had a B.P. reading of 140 while the 
viscosity was 5.50, 4.95, and 5.1. Or again the 
viscosity may remain nearly constant while the 
pressure varies, a patient convalescent after an 
operation for varicose veins shewed B.P. 142, V. 5.20; 
B.P. 130, V. 5.10; B.P. 112, V. 5.05.
It has been noted already that at each level of 
blood pressure there is a range of viscosity greatly 
in excess of normal. Taking the limits of normal 
viscosity as 4.70 - 5.73 and those of Blood pressure 
as 120 - 150 m.m. of Hg., the cases naturally divide 
themselves in normal, high and low values and so form 
nine groups.
These have been worked out with the following 
results.-
G R O U P  A . /
V + , B.P.-H .
High Viaooaity and High Blood Pressure. 
Gases shewing marked cyanosis and cardio­
vascular disease, - Mitral Incompetence, 
Aneurism and chronic bronchitis, all with 
cyanosis.
GROUP B .
V-t , B.P. =.
High Viscosity and normal pressure. 
Contains both cardiovascular and respira­
tory cases and is intermediate between 
"A" and "C".
Valvular and arterial cases, cerebral haemorrhages 
especially with slight cyanosis present.
Acute Pleurisies, Convalescent' Phthisis and Bone 
Tuberculosis cases. Gall-stones, Tabes, Neurasthenia 
and a few nephritis cases.
GROUP C .
V-f- , B.P. « .
High Viscosity, low blood pressure. 
Pulmonary Insufficiency and malaeration 




G R O U P  A .
8 4 .
Acute Pneumoniaa, Pleurisies with effusion, Carcinoma 
of the lungs, Phthisis, and other tuberculous lesions. 
Asthma and Mitral Stenosis with Cyanosis, Pernicious
Anaemias, Varicose Veins and Diabetes.
'
GROUP D.
V — , B.P.+- ,
Low Viscosity and High Blood Pressure. 
Renal insufficiency and Hydraeraia.
Acute Nephritis with oedema, Aortic 
Stenosis, Mitral incompetence, aneurism and arterio­
sclerosis without cyanosis but with some oedema. 
Cirrhosis of the liver with jaundice.
GROUP E .
V - , B.P.
Low Viscosity with normal pressure. 
Another intermediate class containing 
cases typically belonging to D or F. 
Many nephritics where oedema is present. 
Pernicious and other anaemias.
GROUP F .
V - , B.P. =.
Low Viscosity and Low Blood Pressure. 
Anaemias - both pernicious and others.
Also some oedematou3 nephritis cases.
8 5 .
GROUP G .
V = , B.P.-H .
Viscosity normal, Blood pressure high. 
Cardiovascular and renal oases without 
cyanosis.
Cerebral haemorrhage, arteriosclerosis, and heart 
failure with some oedema.
Subacute and chronic nephritis cases.
GROUP H .
V = , B.P. ~.
Normal Viscosity and low blood pressure. 
Convalescent Pneumonias and Pericarditis. 
Pleurisy with effusion and mild cases of 
mitral stenosis.
GROUP I .
V = , B.P. =.
Normal viscosity and blood pressures.
This group contains besides normal cases 
many where oedema and cyanosis are both 
present and are neutralising each other.
Prom this arrangement it will be seen that there 
are four prominent classes.- (1) Cases of cyanosis, 




Renal cases appear in several of the groups 
according to the presence or absence of oedema and the 
degree of increased pressure.
Martinet (1912) divided his cases into three
BPclasses by means of the ratio -y. He worked with
Hess' viscoaimeter and a Pachon oscillometer and
found as normals V = 3.8 - 4 . 5  B.P. ISO - 170.
Thig gave a range of normal values for his quotient
B . P . of 38 - 4 5 .  (Making allowances for the 
V
different instruments employed - my figures would be 
V = 4 . 8  - 5 . 3  B.P. 120 - 150 which would give 
2^,-* = 20 - 30. This factor has been worked out
for the normal cases and will be found on page 30.)
Gases that have a blood pressure reading compar­
able to their viscosity reading he designates 
"eusystoliquea” . They include normal cases, cases 
with, low and cases with high readings.
The high tension cases with viscosity and pres­
sure both raised he calls plethorics. He believes 
they have no renovascular disease though they may be 
in the pre-sclerotic state. This class also includes 
diabetic, obese and gouty subjects.
It will be noticed that he includes no cases 
such as appear in my "A" group.
The low tension "eusystoliques" are cases of 




B • P •Cases that lie outside the limits of ‘ —
38 - 45 are abnormal.
B P’’Lee Hypersystoliques" where exceeds 45,
that i s, where the pressure is high but the viscosity- 
low, have all got cardio-renal disease, temporary or 
permanent, with hypertension and hydraemia, and
haemorrhages are to be looked for.
B P”Les Hyposystoliques" have * under 38 -
a low pressure with a comparatively high viscosity - 
are mostly cases of cardiac or pulmonary failure.
These findings correspond closely with those 
given above.
To sum up. It would appear that viscosity and 
blood pressure are related to each other. A certain 
viscosity is neceeeary for the correct maintenance of 
blood pressure and changes in the thickness of the 
blood will tend to alter the pressure, conversely 
changes in the blood pressure will tend to dilute or 
concentrate the blood.
In health a parallelism can be demonstrated 
between these two factors but under disease conditions 
they do not necessarily follow each other. This is 
due to the capacity of the body to compensate for wide 
changes of one or other, and allow a rapid return to 
normal.
88.
The readings fall together in anaemias and 
mount together in cyanosis, while they tend to 
move in opposite directions in cases of acute renal 
or pulmonary inadequacy.
89.
Pulse Pate and Viscosity.
I have been able to find no reference to this 
subject in the literature except that of Nicholls 
(1896) who believes the effect of viscosity on the 
pulse rate is too small to be of any importance.
The pulse rate varies so greatly and so rapidly that 
probably little attention should be paid to it so long 
as it is within normal limits. In some individuals 
the figures vary in the same direction.-
A case of mitral stenosis with much cyanosis 
gave the following figures.-
3 April V  = 11 Pulse 72
17 " 5.35 68 Much
improved.
25 May 4.70 56 Returned
to normal.
A case of diarrhoea and vomiting shewed the high 
readings of V = 6 Pulse 140 while the symptoms 
lasted, but these fell to V = 4.15 Pulse 94 in
a few days when he improved.
The variations are not always parallel as the 
following case shews.- No.4-83, a diabetic, examined 
on May 30, gave V = 4.50 Pulse 84, on June 4th 
V = 4.75 P. 50, and on June 14-th V = 4.55 P. 72.
The following results are of interest.
A/
A woman, aged 64, had a cerebral haemorrhage on 
June 23. She was examined first on the 29th when 
the viscosity of the blood was found to be 5.62, 
the pulse rate 96 and respirations 24-. The Blood 
pressure was high,so 10 ozs. of blood were withdrawn. 
Three hours later the readings were V 4.61 P. 90 
R. 24, and after a further week V 5.12 P. 80 
R . 20.
All cases shewing abnormally high or lov/ pulse 
rates were collected and arranged according to the 
degree of viscosity they shewed.
Rapid Pulse (over 100),_H igh V i scosity.
Oases shewing a rapid pulse and a high 
viscosity include cardiac failures, cyanosi 
cases, pneumonias, asthma, diarrhoea and 
vomiting.
Rapid Pulse, Low Viscosity.
A rapid pulse with a low viscosity occurs 
in all varieties of anaemias, pernicious 
and secondary anaemias, leukaemia, haemo­
philia, acute rheumatism, malnutrition, 




Rapid Pulse, Vjgoosity normal.
An intermediate group where normal viscosit 
accompanies rapid pulse includes pneumoniae 
pleurisies and cardiac failures with oedemej
Slow Pulse (under 65).  H igh Viscosity.
Gases of cardiovascular disease with only 
slight cyanosis) and chronic nephritics.
Slow Pulse and Low' Viscosity (in none of these is 
the Viscosity very low.)
A mixed group containing compensated mild 
mitral stenosis, diabetes, myxoedema, 
hemiplegia, abdominal tumour with jaundice 
and a chlorosis.
The remaining cases with a slow pulse were 
mostly mild heart and kidney cases.
The cards were then rearranged and all shewing 
high or low viscosity readings were examined as to 
the pulse rate.
High Viscosity Gases.-
Only about half of the cases shewing viscosity 
readings over 6.00 were accompanied by a rapid pulse. 





heart failures, cerebral haemorrhages and pneumoniae, 
yet some of the most severe casee had a pulse of 
normal rate.
Low Viscosity Cases.
This group which consists of anaemias with 
viscosity readings under 4.00, shewed no cases with 
slow pulse. Again in about half the cases the pulse 
rat© was distinctly high, while in the others it was 
normal.
From this it will be seen that changes in the 
direction of either increase or diminution of the 
blood viscosity are never associated with a reduction 
of the pulse rate. Both abnormalities alike embarrass 
the circulation and call for an increased rapidity of 
the heart's action, in the one case to keep the thicke 
blood in motion and in the other to endeavour to 
maintain the blood pressure at a working level, con­
striction of the peripheral channels having failed to 
do so.
Respiratory Rate and Blood Viscosity.
As in the last Case^ tables were drawn up under 
the headings of high and low figures for viscosity 
and respiratory rate, and the results found were very 
similar. This is no doubt due to the fact that in 
; many cases the respiratory and pulse rates tend to 
move together.
The Rapid R espiration Rate and High Viscosity group 
included pneumonias, cardiac cases with cyanosis and 
moribund cases.
I
The combination of a low viscosity and rapid breathing 
was characteristic of many cases of anaemia.
When examined from the side of the viscosity readings 
the relations were less obvious, though it was 
striking that the two lowest anaemias shewing viscos­
ity readings of V = 1.50 and V = 1.82 had re-'
spiratory rates of 36 and 28 respectively.
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Effect of Pathological Temperatures 
on the Blood Viacosity.
The Viscosity of all fluids becomes reduced as 
the temperature is raised, the change being moat 
marked in denser solutions. Kagan (1911) working with 
an average sample of blood calculated that its viscos­
ity fell .8$ for each additional degree of Temperature 
between 17° and 37°C. Graham Brown (1894) found 
that by raising the temperature of defibrinated blood 
from 96° - 107.6° P. its viscosity fell 10$ and argued 
that if similar conditions obtained in the body
the heart work would be correspondingly reduced and
'
the febrile temperature would be a boon to the organism. 
This effect would be further enhanced by the capillary 
dilatation which often accompanies fever. I
No doubt a diminished viscosity, did it occur in
such cases, would be of great benefit,^ for the heart
is often poisoned by toxins and its action weakened
in consequence. But this result is seldom found, the
viscosity in febrile conditions being usually raised.
Robert-Tissot (1907) makes the suggestion that the
factors are reversed, the rise in temperature being
due to increased friction from alteration in the total
size of the corpusculg.r mass. A similar statement was
made by Stephen Hales (in 1733) who also added that
the cold fit of ague was caused by the blood becoming
too viscous. These authors must never have seen a
case of polycythaemia where enormous increase in the 



























The accompanying table (No.12) contains those 
cases who had a temperature of 101° F. or upwards.
An examination of it will shew that the fever is 
usually associated with some increase in the blood 
viscosity. This, however, is by no means constant 
and the two sets of figures are in no way parallel.
Some of the lower viscosity readings may be explained 
by the lower blood counts, but here again it will be 
noticed that the viscosity is often relatively high 
when compared with the number of red corpuscles 
present.
It is striking that at each rang© of temperature 
the pneumonias give much higher figures than the acute 
rheumatisms and the pleurisies with effusion.
The high viscosity of fevers might be attributed 
to the free perspiration so frequently present, 
causing concentration of the blood. This is unlikely, 
since only one of the cases (No.459) shews a high 
R.BsO. count, the others tending to be rather below 
normal. This concentration would be expected above 
all,in acute rheumatic fevers where copious sweating 
is the rule; instead, the readings of viscosity, aa 
well as those of the red corpuscles and haemoglobin, 
are lower here than in any other condition.
The special increase in pneumonias might suggest 
that the change was due to some increase in the C02
content/
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content of the blood - a view favoured by many who 
have sought to explain the condition. This may be 
so, but it takes a much greater anoxaemia in cardiac 
cases to produce similar results, and something 
further must be sought for to explain it. It is 
commonly said that in pneumonia the plasma is richer 
in fibrinogen. (Osier say3 it may rise from 4 to 
10 parts per thousand.) Other febrile conditions 
also cause a similar, though less marked, fibrinogen 
increase and it is generally proportionate to the 
leucocytosis.
The table doea not support the belief of some 
observers that the viscosity bears a relation to the 
number of white corpuscles present.
It is possible that retention of chlorides which 
is more marked in pneumonia than in other fevers, may 
have something to do with the viscosity increase.
Another explanation is that there may be an in­
creased hydration of the colloid particles with 
corresponding reduction in the amount of the more 
fluid portion of the plasma, Wells,in speaking of 
inflammatory oedema (p. 350) says.- "there is 
undoubtedly an excessive formation of metabolic pro­
ducts in the tissues and the asphyxial conditions in 
inflamed tissues favour acid formation which may cause 
in the colloids an increased affinity for water."
It may be concluded then, that the high viscosity
of/
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of the blood in fevera is not due to free perspiration 
but to some product of altered metabolism, of which 
the raised temperature itself is only another manifest 
ation.
Thirty-three further cases with temperatures 
under 101° F. were al30 examined with similar results. 
Again the pneumonias head the lists, the contrast with 
other cases being even more obvious at the lower 
temperatures.
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Of late years much attention has heen devoted 
to the study of viscosity by workers in pure science, 
and the knowledge of the subject has made great 
strides. Apart from its academic interest, viscosity 
has proved of considerable assistance in physical, 
organic and inorganic chemistry in settling points 
where chemical evidence was not available. Above 
all, the viscosity is the most delicate guide to the 
changes which take place in colloids under various 
conditions.
The blood consists of solid elements - the cor­
puscles, suspended in a fluid - the plasma, which 
itself is a complex mixture of colloids, crystalloids 
and non-electrolytes in ?mter. To understand the 
factors which may influence viscosity, it is neces­
sary to glance at some of the facts of modern 
colloidal chemistry.
fluids, other than pure solutions, can be re­
garded as Dispersoids - mixtures of solids, liquids 
or gases in each other. No sharp boundaries exist 
between the different types of disperse systems 
which only vary in the degree of dispersion and the 
size of their particles. The following arrangement 
is based on the writings of Burton (1917) Ostwald
(1917) and Zsigmondy (1917).-
The factora which influence Viscosity.
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All these "systems" consist of two "phases". The 
fluid portion or pure solvent is variously known as 
the "Dispersion Means", "External phase", Continuous 
Phase", "Dispersing Medium" or "Continuous Menstrum". 
The other portion consists of many isolated particles 
separated from each other by the solvent and is 
termed the "Disperse Phase" or "Internal Phase".
Colloids, with which group we are most concerned, 
are of two kinds, suspensoids (suspension colloids) 
and emulsoids (emulsion colloids). The former consisc 
of a solid disperse phase in a fluid medium, the latte]" 
are a combination of two liquids. Most proteins 
belong to the emulscid class of colloids.
The viscosity of such disperse systems must 
depend on many things - "the internal friction of each 
of the several phases, the surface tension and the 
surface friction of the internal surfaces, the density 
of the electrical charge at the internal surfaces, the 
shape of the particles and the nature of the particles 
as to the absorption layer and probably the degree of 
dispersion." (Burton p. 161).
One of the principal factors is the size of the 
ultimate elements which rub against each other, for 
on this depends the total frictional surface. This 
point is strikingly illustrated by Starling (1909 p.IS) 
"A sphere of 10 c.c.m. would have a surface area of 
20 sq. c.m. Reduced to a fine powder of spherules, /
spherules, each .000 000 25 c.m. in diameter, the total 
surface of the solid would be nearly half an acre 
(20,000,000 sq. c.m.)". Similar calculations are 
given by Philip (1913, p.220) and by Ostwald (1917
p. 118.)
Thorpe and Rodger (1894) proved that viscosity 
may be looked upon as the attracting force between the 
:molecules, but Jones (1907) believes that it is really 
a property of the atoms of which the molecules are 
composed.
The Viscosity of One phase Systems. The work of 
Thorpe and Rodger constituted a great advance in the 
knowledge of the viscosity of simple liquids. They 
examined at- different temperatures, a large number of 
pure substances - members of homologous series, - 
and found values for - H, - CHg, - OH, etc.
Prom the data so obtained, the viscosity of a compound 
can be calculated with fair accuracy.
The Viscosity of Two phase Systems. Where two 
substances, entirely indifferent to each other, are 
mixed together the viscosity of the solution may follow 
the law of mixtures and depend on the relative -amount 
of each component present. More frequently the matter 
is not so simple,for few solutions are mutually in­
different. The viscosity in such cases shews either 





)The Viscosity of M olecular Solutions.(Crystalloids 
The study of this subject has been fraught with many 
difficulties. When salts are dissolved in water the 
different constituents may not be uniformly arranged.
For example, it is impossible to tell the proportion 
of "(a) simple water molecules, - HgO; (b) associated 
water molecules, assumed to be triple (HgO)s ;
(c) ions, hydrated to an unknown extent; (d) undis- 
| solved molecules, possibly combined w^ith water;
(e) and in strong solutions - salt complexes." (Dunstaji 
:and Thole (p.59) quoting Applebey - Trans. Chem. Soc. 
1910, Vol. 97, p.2000.) Further, the proportions 
of these will vary with the temperature and the 
concentration.
Most salts in solution increase the viscosity, 
a few, however, produce a "negative viscosity".
In solutions of electrolytes, viscosity and 
conductivity are closely related, the latter increasin 
as the former diminishes.
The Viscosity of Suspensions.- According to 
Einstein (1906) the viscosity of a suspension of 
rigid particles is simply proportional to the aggregate 
volume of the suspended spheres. This was confirmed 
by Hatschek (1910) who showed that the viscosity was 
independent of the size of the particles. Bingham (19^L1) 
makes/
fluids tend to combine or to dissociate each other.
* Einstein 1906 Ann. Physik. (19) p.289.
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makes a similar statement. In 1916 Humphrey and 
Hatschek re-examined the question and found that in 
concentrations of 2 , 6 %  of suspended matter the part­
icles did interfere with each other and the viscosity 1 
also depended on the rate of shear, which was more 
marked at higher concentrations.
T h e Viscosity of Emulsolds is a much more complex 
question than the foregoing. In the case of emulsoids 
the following factors must he considered, - the 
temperature, the concentration and the amount of dis­
persion, the amount of "solvate" formation, the in­
fluence of added electrolytes and non-electrolytes, 
the electric charge of the system, and the presence of 
more viscous colloids.
Previous mechanical or thermal treatment and the 
ageing of the colloid are also important in laboratory 
work.
In contrast to suspensoids and molecular dis- 
persoids, the viscosity of emulsoids even in weak 
solutions is much greater than that of the disperse 
means, and its viscosity falls rapidly with increasing 
temperature.
As concentration increases, the viscosity of an 
emulsoid rises slowly till it reaches a critical point,, 
after which the rise is very rapid. It has been 
calculated that where the particles remain spherical 
they/
they will touch each other when their volume reaches 
70% > Concentrations above this are only possible 
where the particles can be deformed and flattened. 
(Hatschek 1911)
The degree of dispersity is also of importance. 
Ostwald (1915) has shewn that a coarse mixture of 
castor oil in water scarcely alters the viscosity, but 
the addition of something which will aid dispersion 
(e.g. a little gum) will raise the viscosity enormously 
far above the viscosity of either the pure oil or gum 
solution alone.
Particles of the disperse phase are wetted by the 
continuous phase, a covering of which remains perman­
ently attached to the particle and this combination of 
particle and envelope is known as a "solvate". The 
amount of solvate formation varies greatly in different 
solutions and influences the viscosity considerably.
Perhaps akin to this, is the fact that the preseno 
of small quantities of a more viscous colloid may 
enormously raise the viscosity of the whole mixture.
Added crystalloids in relatively small amounts 
produce very varied effects. Non-electrolytes 
(sugar, urea, alcohol) in low concentration only 
alter the viscosity to the extent they influence the 
viscosity of the pure continuous phase, in greater 





Emulsoids are extremely sensitive to the action 
of electrolytes, mere traces of which may enormously
if-influence the viscosity of the solution. Mann (p.17)
Ifremarks that it is the electrolytes which put life 
into the proteins'. The effect depends on the state 
of the protein. Neutral salts always lower the 
viscosity of neutral protein, and usually of acid 
protein too, while with alkali protein viscosity may 
be raised. Bottazzi (1915) shewed that the viscosity 
of a protein was least when it was non-ionic and un- 
combined and that the addition of a small quantity of 
either acid or alkali raised the viscosity enormously. 
The great increase is due to the increase in the 
number of dissociated (electrically charged) colloid 
particles and there is a general parallelism between 
the concentration of -OH ions and viscosity (OstwTald 
1915). Hence the electrical charge of the disperse 
phase is very important for viscosity. Ostwald says 
that most colloids have already an electric charge 
towards their disperse means, but Hardy (1905) and 
Robertson (1918) state that the pure serum proteins 
are electrically inactive and derive their activity 
from attached electrolytes.
The Pla_sma_ Constituents and Viscosity.
The plasms may be looked upon as a mixture of 
various emulsoids in water, together with many added/
* Mann 1906 "Chemistry of the Proteins".
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added electrolytes and non-electrolytes. A considera­
tion of the foregoing facts will suggest how complicated 
the factors influencing the viscosity of such a mixture 
must b e .
The solids of the plasma amount to roughly about 
10$»,and of this, the proteins constitute fully 6 - Q%.
By salting out and other processes, the various protein 
fractions can readily be separated (though the work of 
Hardy (1905) and of Michaelis and Rona (1910) suggests 
that these fractions are merely parts of a large 
protein complex and do not pre-exist in the serum.)
The various serum proteins, in as pure a state as 
possible, have frequently been employed by those 
studying the conditions influencing the viscosity of 
emulsoids, and much of the general description given 
above has been based on these observations.
With regard to the relative value of these 
proteins there is less information available.
Determann (1908) noticed that globulin was more viscou^ 
than serum albumin and para-globulin, and 0stwald(l910 
arranged the serum proteins in order of ascending 
viscosity - albumin, pseudoglobulin, euglobulin, 
fibrinogen. Chick and Lubrzynska (1914) examined 
the relative viscosities of the proteins of horse 
serum, and obtained similar results. They found 
tjhat with solutions of 10/ protein, the viscosity of 
the/
108.
the euglobulin solution was 3 times greater than that 
of the pseudoglobulin and six times more than the 
albumin solution, the ratio, however, varied with the 
concentration, being much greater in denser mixtures, 
(e.g. at 20/, pseudoglobulin was 5 times as viscous 
as albumin)
In low concentrations the viscosity of serum 
albumin solutions was scarcely above that of water, 
but at higher concentrations it rose more rapidly.
The effect of temperature, too, was only slight until 
high concentrations were reached. They conclude that 
in amounts less than 10/, serum albumin behaves almost 
as a crystalloid.
Euglobulin solutions on the other hand exhibited 
comparatively high viscosities at low concentrations 
and the influence of temperature was much more marked.
P seudoglobulin stood intermediate in its pro­
perties. As the globulins constitute the larger part 
of the total serum protein, and they are so much more 
viscous than the albumin, they must be the chief cause 
of the plasma viscosity. Chick suggests that even a 
small amount of euglobulin would exert an undue in­
fluence on the total viscosity.
These facts are of importance when it is re­
membered that globulin may (relatively and absolutely) 
increase in certain conditions (e.g. during starvation 
Glaesser (1905), and in the course of immunisation - 
Gibson/
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Euglobulin is present in the plasma as a com- 
jpound with NaOl and this salt globulin has a lower 
viscosity than the corresponding alkali or acid 
combinations of equal strength and equal-0 H ion 
content- (Chick 1914)
To test the relative effects of the different 
serum proteins on the blood viscosity, some ox blood 
was obtained and allowed to clot. The various 
protein fractions were then separated by half and full 
saturation with ammonium sulphate. They were then 
dialysed for 14 days against distilled water under 
toluol. The amount of protein in eac-h fraction was 
■estimated by evaporating a measured quantity and 
weighing the residue. A series of weak solutions of 
equal protein value was then made up with sodium 
chloride and distilled water to form isotonic mixtures 
Equal amounts of washed red blood corpuscles were 
added to a sample of each of these solutions. When 
measured in the viscosimeter the following results 
ware obtained. ~
Euglobulin mixture 50.5 Secs.
Pseudoglobulin " 43.4 "
Remaining Albumins 47 "
These figures confirm the findings of Ostwald and 
of Chick.
Gibson and Banzhaf (1910). )
Some/
Some workers have sought to find a parallelism
.
between the plasma viscosity and the protein content 
¡of the fluid. The results have been disappointing, 
chiefly because the protein has 3imply been estimated
as Nitrogen by "Kjeldahl". This would overlook the
■
relative amounts of globulin and albumin present, an 
even more important matter than the total quantity 
of protein.
The question of the concentration and dilution 
of the plasma by loss or retention of body fluids 
has already been considered.
The plasma viscosity is scarcely above that of 
pure -water, and to obtain reliable measurements it
I
|is necessary to use a great amount of blood and a 
larger instrument than is available clinically.
This may account for the fact that the viscosity of 
the plasma has received very little consideration.
It has been stated by some observers that the plasma 
viscosity is very stable and much less liable to 
¡fluctuate than that of the whole blood. But the 
figures are small to begin with, and slight altera-.
tione would be difficult to observe with the ordinary 
Instruments employed.
The normal limits of plasma viscosity range from 
1.49 to 2.89, though individual authors give a much 
narrower fluctuation. In a few cases I specially 
examined/
1 1 0 .
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examined (not normals) the viscosity of the plasma 
was found to vary from 1.50 - 1.95 and did not hear 
a constant relation to the total blood viscosity.
The views as to the importance of plasma viscosity 
are many. Welsh (1911) states that it does not vary 
sufficiently to make it a factor in influencing the 
total viscosity. A few observers (Hirsch and Beck 
1901, Rotky 1907, and Bachmann 1908) grant that it 
may have a slight importance, though far inferior to 
that of the corpuscles. A more prominent position 
is given to it by Adam (1909), Austrian (1911) and 
Trumpp (1911); but they fail to appreciate its full 
significance. Josue and Parturier (1916) suggest 
that it may have a double action on the viscosity of 
the whole blood.- (A) The plasma viscosity is the 
point from which the corpuscles start to raise the 
total viscosity (an additive conception) and 
(B) The effect of the corpuscles will be greater in a 
more viscous medium. The only author who appears to 
have got a true estimate of the question is Trevan
(1918) who applies Hatschek’s findings to the case.
Many attempts have been made by workers in 
physical chemistry to produce a formula which would 
express the influence of solid particles on the 
viscosity of the fluid containing them.
Most of the linear formulae suggested have been 
unsuccessful since they are only applicable over a 
small/
small range of concentrations. The most satisfactory 
results are obtained by employing Hatschek's (1910) 
formula which is a modification of one by Einstein (1906)
V° = V (1 +  4.5 F ) (1)
oWhere V and V are the viscosity of the whole 
fluid and that of the continuous phase respectively 
and P is the ratio of the aggregate volume of the 
solid particles to the total volume of the mixture.
From this expression the startling fact appears, 
that the viscosity of the mixture is independent of th^ 
size and degree of dispersity of the particles, but 
depends on the vi3C03ity of the original fluid and on 
the relative volume of the two phases -in technical 
language it is a linear function of the disperse phase 
This only holds good for low concentrations and for 
fairly coarse particles.
For concentrations over 50% he introduced another 
formula (1911)
V o = V  % L   (2)
¡VA - 1
li/here A is the ratio - volume of system / 
volume of disperse phase. This expression allows a 
much more rapid rise in viscosity as the concentration 
approaches 70fo where the spherules touch each other.
Hatschek shewed in 1912 that hi3 formulae were 
applicable to emulsoid fluids and to systems where the 
30lids were deformable.
These/
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These laws express the influence of the amount 
of solids in the plasma on the plasma viscosity, and 
also the part played by the corpuscles and the plasma 
in the viscosity of the whole blood.
A large number of experiments were carried out 
to test these points.
To find the influence of the plasma on the 
viscosity of the whole blood a series Of mixtures 
was made, containing equal quantities of red blood 




Tubes 1 2 3 4 5 6 7 8
(A) Emulsion - 10 10 10 10 10 10
* —
(B) Saline 20 10 8 6 4 2 - -
(C) Gum
Solution
- - 2 4 6 8 10 20
(D) wPlasma” Viscosity 29 29 34 40.5 50.7 61 76 76
(E) V°/V = 2.89 2.72 2.42 2.19 2.05 1. 3
(F) Total
Viscosity 84 94.6 99.3 112.4 125 13 3
(G) Calculated
Viscosity .84 94.7 105.4 116.1 126.9 13 3
In each tube was placed 2 c .c. of mixture which
contained 1 c.c. of an emulsion of washed ox corpus 
cles and 1 c.c. of isotonic gum solution and normal 
saline in various proportions.
Line/
Line (D) gives the estimated viscosities of the 
gum dilutions without corpuscles, and line (F) the 
readings given by the corpuscular mixtures. It will 
be noticed that these latter (F) rise fairly steadily 
as the quantity of gum increases.
According to Hatschek’s formulas the new viscosity 
V° is formed from the original viscosity V multiplied 
by a factor (1 4" 4.5 F) which deals with the corpus­
cular elements and of course in these experiments 
remains constant.
Hence V° / V = a constant.
When the above table is examined it will be seen that
the fraction 84/29 is much greater than 138/76 and
the values of V° / V  fall steadily from 2.89 to 1.9.
This apparent disagreement with the formula was ex­
plained when it was considered that the corpuscular 
emulsion contained;as well as corpuscles,a quantity of 
irremovable saline which would dilute the added gum 
mixtures. In the case of the weaker solutions the 
effect would be negligible, but it would be most marked 
where the gum was strongest. When allowance is made 
for this dilution the results calculated tally very 
closely with those observed. The sagging of the 
figures in tubes 4 and 5 is due to faulty mixing of 
the gum and saline, but the relation of the total 
I viscosity to the ’’plasma” viscosity is normal.








6 o l  "
t  ^  ^
S O
^  ^  ' Î
í
L O ^  *■




2 - 5 -  S - o  7* 
^ ^ ¿ e n f ' A Ç i L  7? J5. C.
&  ¡ o / i
ir
5* / f n ^  7 . 0 2 * -
J _____________
^  2 5
-  =  J  - t - a fiK *{ r M  c i r s c  K e  k  5 L  '  A/  C A * F  O t 7*1.1/ L A. # 7 /
1 1 5 .
occasions with different quantities of emulsion and a 
longer series of tubes, with the same satisfactory 
results.
When the figures found by experiment are correcte^
to allow for dilution by the saline present in the
emulsion, the ratio V°/V remains constant at 2.89.
From this it follows that the viscosity of the plasma
controls that of the whole blood. When the number
(volume) of the corpuscles is constant the viscosity
*
of the blood is a function of the plasma viscosity, 
increasing or decreasing in direct proportion with it.
(The factor controlling this ratio Tptad._V°_ = constantPlasma V
is the corpuscular mass and varies with it, as we shal, 
next see.)
Influence of the Corpuscles on the Blood Viscoaity,
TABLE B .
Tube s 1 2 3 4 5 6 7 8 9
A (Saline) 2.5/ 5 7.5 1 0 12.5 15 17.5 2 0
B 34.5 38 40 44 43 52 56 , 61 67
C 34.5 to•CDto 42.2 44.8 50 .9 53.8 57.8 61.7 65
Mixtures were made of corpuscles in saline, the 
number of cells being varied. As the emulsion did 
not represent volume of R.B.C. it was necessary to 
estimate this by haematocrit or by calculation from 
the/
Jr
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F = 100 V° - 100 V an adaptation of Hatschek's.
4.5 V
Line "A gives the percentage volume of cells present
tt 11and line B, the viscosity readings found. These rise 
practically steadily in a straight line until tube 10 
is reached when the increase becomes more rapid.
The saline employed in the mixtures gave a 
reading of 54.5 and line"c gives the figures based 
on this for the percentages of corpuscles present 
calculated from the formula V° = V ( 1 + 4 . 5  F).
They lie in a straight line and correspond closely
ft «with line B - the figures actually observed. The 
readings above 20%> of R.B.C., however, are higher than 
the formula allows for.
The figures 75 and 85 would answer to a formula 
where Hatschek's constant 4.5 is replaced by .5 or 5.8. 
Trevan's formula gives th'is constant as 6.3 and
n \\
the results calculated by it - line D - are too high 
especially where the percentage of cells is small.
TABLE C.
Tube 1 2 3 4 5 6
"A" (Saline
only) A%> Q% 16%, 3 2% 65%  R.B.C. calculated.
1 - 2___ 14_____36_____ 78_____ 164/ Hb. estimated.
0 6 7 8 10 15.2 45.25 Viscosity.
"S" 6 7.08 8.1S 10.32 14.64 44.94
the formula.-
The/
The above table shews a similar series of mixtures 
containing a greater range of corpuscles.
In the lower zone the figures mount regularly, but 
between the samples 5 and 6 a sudden rise takes place.
A viscosity reading of 45.25 according to the inverted 
linear formula employed above, would correspond to a 
corpuscular percentage of 145.3 which is an impos­
sibility. The viscosity figures calculated from 
Hatshek's formula, correspond very closely to my 
findings in the solutions containing below 32/ of 
corpuscles.
3rr—
When Hatschek's other formula V° = V —r=_
T k  - 1
is applied to tube number six, the figure obtained - 
44.94 - closely approximates the actual finding, but 
applied to the volume of number 5 it gives 31.6, a 
viscosity reading much too high. Hatshek says this 
formula answers for systems where the solid phase is 
more than half the total volume, but Trevan believes 
it is useful as low down as 40/.
Seven other series of mixtures have been put 
up and investigated at various times. Different 
ranges of corpuscles have been employed and the fluid 
has been saline, plasma or gum solutions of different 
strength. All shew the applicability of these 
physical laws.
Prom these facts we conclude that with a constant 
plasma viscosity the corpuscles control the viscosity 
of/
1 1 7 .
.
of the whole blood . The increase or decrease of 
the viscosity in this case is not a simple linear 
ratio (as with the varying plasma) but becomes greater 
at higher concentrations. Up to about 2 Of j of 
corpuscles the viscosity of figures follow practically 
a straight line according to Hatschek’s first formula. 
Above 50/o each increase of corpuscles leads to a 
very much greater viscosity increase which is expressed 
by Hatschek's second formula. Between these, the 
viscosity rises are greater than the linear formula 
allows and less than the other warrants, and must be 
met by an increasing value for the constant (4.5) of 
the first formula.
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The influence of the Saline content of the plasma
on the Blood Viscosity.
This subject has received very little attention. 
Hirsch and Beck (1901) and Adam (1909) are the only 
authors who mention the question and point out that a 
change in the amount of salt present in the plasma may 
alter the total blood viscosity.
The red cells are extremely sensitive to altera­
tions in the strength of the salt solution bathing 
them, swelling as the salts diminish and shrinking as 
they increase. It would be natural to think that the 
viscosity would change in similar fashion. Several 
series of experiments were performed to see if this 
was so.
TABLE D.
A 1 .8 % 1 . 2 1 . 1 1 . 0 .9 . 8 .7 . 6 .5 .4%
B 84 83 - - 80 - 80.5 - 1 0 1 116
C - 69.2 - - 67.2 6 8 70 74 ~ 82
D 49 47.5 - - 46 - 47.8 56 58 58.5
E - 46 44 43.5 42.5 44.3 45.6 - m- -
F 49.5 - — 48 46.2 47 r 48.4 59
G 2 1 - - 2 0 . 8 2 2  ■ 22.3 - 23 - Laked
Washed ox corpuscles were concentrated into a 
thick emulsion and were then mixed with samples of 
saline of different strengths. Line “a " gives the 
percentage/
Line * g" contains the values obtained by Haematocrit
tr •"for the corpuscles present in experiment P.
In series ’b" equal quantities of emulsion and 3 aline 
were employed and in the remaining cases one part of 
emulsion to three of salt solution. The results 
seemed so unexpected and striking that the experiments 
were repeated with different samples on several 
occasions.
It will be noticed from the above table that any 
departure from the normal strength caused an increase 
in the blood viscosity. In the case of the weaker 
solutions this is easily understood, for the R.B.C. 
attempt to equalise osmotic pressure by imbibing fluid 
and rapidly swell at the expense of the plasma, which 
becomes correspondingly concentrated. The increased 
volume of the R.B.C. is 3hewn in the last experiment. 
(Line G) With further dilution the haemoglobin 
begins to be set free. The tubes to which .6 % saline 
jhad been added shewed some degree of pinkness, and 
this was more marked in the .5% series. At .4% the 
mixtures were completely laked and clear.
Where the saline strength was above normal the solu­
tions appeared unchanged to the naked eye, though 
microscopically, increasing crenation accompanied the 
addition of salt. Estimation of the volume of these 
mixtures confirmed this shrinkage and the relative 
increase/
percentage of salt present in the solution.
The increased volume of the plasma and its 
dilution by water abstracted from the corpuscles would 
tend to lower1 the viscosity of the mixture. That this 
does not occur, must be accounted for by the altered 
character of the walls of the corpuscles, the roughened 
surfaces adding greatly to the internal friction of 
the fluid.
To see if the change in the total viscosity could 
be the result of an increase of viscosity of the con­
tinuous phase, a series of mixtures was put up with 
strong gum and varying amounts of salt. The salt 
influenced the gum solutions only to a slight extent 
and that, not in a constant direction.
Mixtures of gum and salt.
Amount of gum constant - salt varied.
TABLE E .
^Percentage
of NaCl = 1.35$ .9 .78 .67 .56 .4-6
JV. of gum
mixture = 45.2 46 46.5 .46.5 46.25 4-6.
Mixtures were then made up of three parts of the 
gum and saline of above strengths and one part of 
corpuscular emulsion.
V. of R.B.C.
|gum mixtures 69.2 67.2 6 8 70 7 4  82
increase of the plasma.
From/
From this it will be seen that the greatest i n ­
f l u e n c e  of the salt is on the corpuscles, and that the 
blood viscosity is lowest when the plasma is isotonic 
with the corpuscles.
Effect of Haemolysis on Blood Viscosity.
The above experiments with mixtures of constant 
amounts of red corpuscles in varying strengths of 
saline, shew the effect of increasing haemolysis on 
the viscosity. In the .6^ solution only a few 
corpuscles have broken down but their influence is at 
once feltj in the .4$ tube all the corpuscles have 
been laked and the viscosity is greatly increased.
An interesting contrast between mixtures of R.B.C. 
in saline and in distilled water, is shewn in the 
following table.









r V. of 
mixture 
in Water.
1 - 1 5170 000
' ,l- - " 
2*8 6.75
1 1 - 2 2320 000 2.15 2.76
1 - 3 2410 000 1.60 1.87
1 - 4 1140 000 i .37 1.55
1 - 5 620 000 1.25 1.27
1 - 6 410 000 1.2 1.25
It/
1 O'a
It will be noticed that the laking increases the 
viscosity at all dilutions but that the effect is much 
more marked where the quantity of haemoglobin is 
greatest.
The effect of haemolysis is much better shewn 
when it is produced without dilution of the blood.
A sample of hirudinised blood, which had a 
viscosity of 6.85, was laked by rapidly freezing and 
¡thawing it, when the reading was found to have in­
creased to 8.00. The increased viscosity remains 
after the corpuscular stromata have been removed by 
centrifugalisation, so that the effect must be due to 
the increase of protein (Hb) in the plasma.
Determann (1907) and Robert-Tissot have had opportun­
ities of examining the blood in cases of Haemoglobinur 
and have found the blood viscosity increased during 
the attacks.
124.
Effect of Adding small quantities of Acid or Alkali
to blood mixtures in vitro.
Minute quantities of N/lOO HC1 when added to 
blood samples made them so viscous that they could 
not run.
N/lOOO acid was then tried. 0.1 c.c. of N/lOOO 
acid in 2  c.c. of mixture produced no visible effect, 
the solution remaining quite red. 0.5 c.c. made the 
solution dark in colour and allowed slight diffusion 
of haemoglobin; with larger quantities the mixture 
became quite clear and then coagulation of the protein 
set in and produced a mass-like black treacle.
(During these changes the viscosity of the mixtures 
rose from 42.5 to 95.
A series of tubes was then set up with a smaller 
range of acid, as follows.-
A B C D E. F G
R.B.O.
Emulsion cc. .50 .50 .50 .50 .50 .50 .50
.9<f9 Saline " 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1




Laked - Laking Brown Red - Red
¡Flow time 52.8 52.5 52.4 50.5 50 49 4-4
(seconds)
(The N/1000 Acid was made by diluting N/l0 acid with 
normal saline so that the mixture might remain isotonic)
Increasing/
43
Increasing concentration of acid raises the 
viscosity of the mixture at first by producing swelling7of the corpuscles and later by haemolysing them.
The blood mixtures were not nearly so sensitive
to addition of alkali; relatively large amounts pro-
-
ducing little alteration in the viscosity.
125.
A B C D E F
R.B.G.
Emulsion cc. .5 .5 .5 .5 .5 .5
.9 Saline .5 .75 1 . 0 1.25 1.5
N/100 NaOH 1.5 1 . 0 .75 .5 .25
Flow time 44 44 44 44,2 44 43.2
(seconds)
The presence of the alkali raises the blood
viscosity to a slight extent , but the rise from
.25 cc. to 1.5 cc. produces no further alteration of 
the figure.
1 2 6 .
As a rule the addition of a salt to a pure 
liquid, - water, - alcohol, - glycerine etc. - raises 
its viscosity to a degree proportional to the amount 
of salt present. In a few cases, however, the 
reverse occurs and the viscosity of the solution is 
less than that of the dissolving fluid. This 
"negative viscosity" is produced by the salts of a 
limited group of elements, - Rubidium, Caesium and 
Potassium (and occasionally by ammonium and sodium 
salts). The effect of the metallic radicle is most 
powerful in this order - Caesium, Rubidium, Potassium, 
and of the salts, - Iodide, Bromide, Chloride and 
Nitrate. All lessen the viscosity of water, of 
glycerine and of some mixtures of these and alcohol.
i
The effects may vary at different concentrations, a 
positive viscosity being sometimes produced. A great 
| deal of work on this subject has been done by Jones 
and his co~workers and has been published in the 
Carnegie Washington Institute monographs.
The most satisfactory explanation for this 
negative viscosity is that formulated by Veazey (1907) 
When the molecular volume of the dissociated 
salt is smaller than the complexes of the solvent 
the viscosity of the system will be raised A negative 
viscosity appears as soon as the dissolved particles 
are larger than those of the continuous phase, since 
they/
Effect of various Salts on the Viscosity of the Blood
they reduce the size of the total frictional surfaces. 
The elements mentioned are at the apex of the atomic 
curve.
The fact that potassium iodide could reduce the 
viscosity of water has been known for a long time,
I and many observers have sought to find if it could 
alter the viscosity of the blood too. The results 
have been most contradictory. Some authors state 
that they have succeeded in reducing the viscosity 
by the use of Pot. iodide, while others record that 
they could find absolutely no change even after pro­
longed administration of maximum doses. The question 
is one of very considerable interest from a clinical
point of view, for, if Pot. iod. can lower the
■
viscosity of the blood we have a weapon that will be 
of great use in certain cases, and this antiviscosing 
action may explain the benefit from the drug, seen 
in cases of high blood pressure and arterial disease.
A large number of experiments in vitro were 
carried out to see what the effect of iodine added
'
to the blood was. Crystals added to blood, or to 
serum which was then mixed with the blood in various 
proportions usually raised the viscosity according 
to the amount of iodide present. When this was 
looked into it was found that it must be a hypertonic 
effect, the salt action of the iodide being added to 
that of the sodium chloride. Precautions were then 
I taken/
1 2 7 .
L
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taken to prepare solutions isotonic with the blood 
by making them the same fraction of a normal solution 
(N/65) that .9% saline is.
Solutions of 2 . 8 %  K.I. were diluted and a small quan­
tity of blood was added to each. These mixtures were 
tested against similarly diluted . 9 % NaCl and haemolysis 
was observed at corresponding points. The isotonicity 
of the iodide solution was also confirmed by micro­
scopic examination.
Effect of replacing NaCl by an equivalent of K.I.
A B C D  E P
R.B.C.
emulsion cc. .5 .5 .5 .5 .5 .5
0.9% NaCl " 1.5 1.4 1.25 1.0 .5
2/8% K.I. " ~ .1 .25 .5 1.0 1.5
Flow Time Secs. 42.8 42 41.7 41.7 40.9 40.5
The above table shews that potassium iodide 
reduces the viscosity of blood in vitro, the results 
being proportional to the amount of the salt employed. 
The percentage of iodide in these experiments is, of 
course, relatively high.
Iodides are very rapidly eliminated from the body 
by the kidneys,and to obtain a reduction of blood 
viscosity in vivo , it v/ould be necessary to employ 
large doses at frequent intervals. When working at 
absorption/
1 2 9 .
! absorption from wound surfaces I found that the bulk 
of the iodide taken into the system appeared in the 
urine within the first hour or so. The iodide action 
on the blood would only be of short duration and 
would disappear as sodium chloride again replaced it 
in the fluid. This rapid disappearance may explain 
the failure of many observers to discover any re­
duction of viscosity under iodide medication.
Iodides were given to a number of my cases and 
after a time reduction of viscosity was quite 
frequently found, but as this usually coincided with 
a fall in the blood counts, it would be unfair to
attribute it to the iodide.
Effect of Potassium Bromide on Blood Viscosity.
When Pot. Brom. was examined in the same way
similar results were obtained. Hypertonic mixtures 
caused a large increase in the viscosity, isotonic 
mixtures a reduction. In this case however the 
changes were very slight, a flow time of 40.9 being 
only reduced to 39.44.
I also investigated the effect of Potassium 
Thiocyanate in the same way, and found it produced 
some reduction of viscosity. Pauli (1903), who 
emphasises the close similarity of this drug to 
potassium iodide and bromide both in its chemical 
and/
130»
and pharmacological actions, enthusiastically claims 
for it a powerful antiviscosing effect.
Of other salts tested by replacing them for sodium 
chloride in isotonic solution, the following produced 
no effect on the blood viscosity ~ sodium bicarbonate, 
sodium fluoride and potassium nitrate.
Others again caused a slight but definite increase 
in the flow time.- potassium chloride and chlorate, 
sodium carbonate and phosphate, for example -
R.B.O.
emulsion c c . .5 .5 .5 .5
0.9% NaCl " 1.5 1 . 0 .5 -
2.3^NagHP04 « _ .5 1 . 0 1.5
Plow time. Secs. 45 46.6 47.7 48.3
Records of Clinical Cases collected under Diseases.
Having analysed the factors which influence 
the viscosity of the blood, we are now in a position 
to examine the findings in clinical cases. The 
blood has been investigated in a large number of 
diseases and some of the more interesting results 
are presented in the following pages. To facilitate 
examination, data from all the cases were tabulated 
under the heading of different diseases, and some 
of the tables are included below.
Certain diseases are constantly associated 
with more or less profound changes in the blood 
and in these we would expect to find the blood 
viscosity also affected, but modifications of the 
viscosity occur in many other conditions as well.
1 rzoIOa. «
In our clinical analysis we hav9 already shewn 
the great importance of the red blood corpuscles in
4
c o n t r o l l i n g  the  v i s c o s i t y ,  and from our l a b o r a t o r y  
exp e r im en ts  we foun d  th a t  the v i s c o s i t y  f o l l o w s  the 
number o f  the r e d  c o r p u s c l e s  a c c o r d in g  to  d e f i n i t e  
p h y s i c a l  l a w s ,  when the  q u a l i t y  o f  the p lasma remains  
c o n s t a n t .  T h i s  b e i n g  so ,  we would  expect  to  f i n d  
th a t  the  v i s c o s i t y  changes i n  anaemia c a s e s ,  were  
d i r e c t l y  p r o p o r t i o n a l  to  the lo s 3  o f  c o r p u s c le s .
For the most part this is the case, but in vivo the 
conditions are not so simple as in laboratory experi­
ments and many discrepancies occur. If the red 
corpuscles were the principal factor in the maintenanc 
of the blood viscosity it would be easy to tell the 
viscosity from the number of erythrocytes found. 
Experience, however, shews that no such rule is 
applicable,and a blood count can not be considered a 
substitute for a viscosity estimation. The explana­
tion lies in the fact that the composition of the 
plasma also varies in different degrees and different 
varieties of anaemia.
The symptoms of anaemias are usually attributed 
simply to the diminution of the red cells, but it is 
probable that many of them owe their existence to the 
reduced viscosity which the poverty of cells produces 
We/
Blood Viscosity in Cases of Anaemia.
133.
We have already seen that in anaemic subjects a low 
viscosity is associated with a low blood pressure, 
which is not entirely due to weakness of the cardiac 
pump.
The rapid pulse found in such cases is an attempt 
by the heart to compensate for this deficient blood 
pressure.
In a pulsating stream like the human circulation, 
it is not the maximum systolic pressure which is the 
measure of efficiency, but the "mean pressure" during 
the pulse cycle. If the trough between the waves 
be allowed to fall too far, the mean pressure falls 
with it to an abnormal degree. Increased heart rate 
remedies this by approximating the crests of the 
waves, so that the new upstroke is begun before the 
trough has become too low. From this it follows 
that the character of the pulse also, depends largely 
on the viscosity of the blood.
Palpitation, a common complaint of anaemic cases, 
may also arise from the thinness of the blood. The 
normal blood offers a certain resistance to the con­
tracting heart and steadies its contraction. When the 
blood viscosity is low this resistance is reduced and 
with it the steadying action disappears. This can 
readily be appreciated when studying the effects of 
altering the (peripheral) resistance in an artificial 
circulation actuated by a Higginson syringe.
It/
It may be that the haeraic murmurs characteristic 
of these diseases, depend partly at least, on the 
alteration from a steady silent stream to turbulent
ifflow such as occurs in fluids when the critical speed 
of Reynolds is overpassed. Reynolds in his paper 
(page 937) notes that the less viscous a fluid is, 
the more prone it is to eddying or sinuous motion.
t a b l e / 3
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Secondary A n a e m i a B .
The effect of a rapid loss of blood has already 
been shewn under the heading of "venesection” .
On the accompanying table are collected a number 
of cases shewing various degrees of anaemia. They 
cover a fairly wide range of conditions from a large 
haemorrhage to the anaemia of tuberculosis. It will 
be seen from the table that the figures in the 
columns for viscosity, red corpuscles and for haemo­
globin time mount together in fairly steady fashion, 
but every here and there an unexpected result is 
got. This may be explained by the rapidity with 
which the loss of blood has taken place. Where a 
large haemorrhage has occurred the bulk of the blood 
is at once made up by addition of water to it, so 
diluting the remaining fluid, but where the anaemia is 
more gradually produced, this thinning of the plasma 
is less likely to occur.
The most severe cases head the list, while at 
the foot of it are some convalescents with normal 
figures.
The number of white cells appears to have no 
influence on the viscosity of the blood.
A number of cases shewing thrombosis in veins or 
embolism following thrombosis, gave figures which seem 
to correspond closely with the blood counts found in t
T A B L E 11^.
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Pernicious Anaemi a . 
TAELE 14.
137.
C a s e  S e x  A g e  V i s c o s i t y  R . B . C .  H b .  W .B .C , R e m a r k s .
525 F. 29 1.50 560,000 15 - Blood just like plasma.
1 2 1 M. 50 (2.25
(
(2.35
1640000 34 2600 2 Aug.
1720000 40 2500 13 Aug.
64 M. 30 2.70 1750000 43 2 1 0 0
412 M. 59 (2.72
(
(2.75
2600000 41 7400 5 March.
2350000 28 13800 15 March. Delirious.
36 F. - 3.65 2760000 62 -
449 F. 36 2.05 1390000 30 3700 17 April.
2.05 1600000 29 4300 22 April. Liq.Ars.npc t.i.d.
2.07 1580000 29 4400 24 April.
3.00 2850000 60 5900 14 M a y .
3.05 3700000 6 8 6500 28 May. Arsenic stopped 
26th May.
302. M. Had Pernicious anaemia from March - May but recovered 
sufficiently to work all summer. Felt ill 14 days be­
fore admission on Nov.3rd but worked till two days ago. 
Very dyspnoeic, feet swollen.
3rd Nov. 2 . 2 148000 0 32 2300 Liq. Ars. mx t.i.d.
9 th Nov. 2 . 2 1610000 35 4600
14 Nov. 2.50 1450000 36 3600
28 Nov. 3.35 1850000 42 / 4000 Liq.Ars. mxv.
t.i.d & Virol.
5 Jan. 4.03 - - r—
1 0 Jan. 4.25
V
- - -
In Case 273 a male aged 26 - the illness first began 
18 months before present examination. Patient re­
covered for a time but turned ill again 4  months ago, 
since when he has been unable to work.
Date Viscosity R.B.C. Hb. W.B.C. Remarks.
2 2 Sept. 3.2 1900000 52 3600 Liq.Arsenic mxv t.i.d.
13 O c t . 3 # 25 2750000 56 3100 Arsenic stopped to-day.
6 Nov. 2.75 1810000 46 4200 Pot.Bic.gr.xx t.i.d. 
and Sanatogen.
1 1 Nov» 2,74 1780000 50 3700 Not so well, Morning 
sickness.
Case 348, a male aged 20, had been treated for 
Pernicious Anaemia six months previously. He had 
recovered sufficiently to return to work and re­
mained well until 14 days before admission on Jan. 
29th. He now complains of weakness and diarrhoea.
Date Viscosity R.B.C. Hb. W.B.C.
30 Jan. 4.5 3880000 76 2 2 0 0 Having Bism. 
Salicylate gr. xv.
8 Feb. 4.25 3650000 74 4200
19 Feb. 4.00 3150000 72 6000
The viscosity figures in some of the pernicious 
anaemias shewn above, are very low and seem to 
correspond fairly well with the blood findings. 
When examined more closely and compared with the 
cases/
139.
cases of secondary anaemia, it will be observed 
that the viscosity is really higher than would be 
expected from the red blood cell count. This depends 
on the relatively higher amount of haemoglobin 
present in this series. The colour index, worked 
out for this group of cases, shews absolutely no 
relation to the viscosity figures.
Several of the cases have been followed over 
a considerable period of time, and in these the 
blood viscosity is found to vary fairly closely 
with red cells, and their haemoglobin. Numbers 449 
and 302 shew a steady rise in all the figures as 
the condition improves under arsenic administration. 
In the other two cases (Nos. 273 and 348) the 
figures fall as the patients gradually go down hill.
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C h l o r o s i s  C a s e s ,
TABLE 15.
Case Sex Age Visc­
osity.
R.B.C. Hb. W.B.C. Remarks.












3750000 44 8100 7 Feb. Been 
having salicy­
lates .
3900000 54 7200 19 Feb. On Iron 
Jelloids.
4580000 56 8900 13 March. 
Greatly Improve
387 F. 23 03 • U1 3400000 54 2600
304 F. 25 4.25 3910000 54 6700
245 F. 19 4.17 4560000 78 8400 Convalescent, 
(very Constipate
103 F. 2 1 4.70 4680000 70 9100 Convalescent.
104 F. 24 5.00 4780000 82 4800 Convalescent.
i)
The accompanying table contains both mild and 
severe examples of the disease as well as some conval­
escents*
The haemoglobin figures cover a wide range, thougjh. 
the red corpuscles are hot so low as in the previous 
tables.
The viscosity readings, too, are on a correspond­
ingly higher plane, but the difference between the 
extremes - 5 . 0 0  and 2.50 - is much greater than is 
to/
141
to be expected from the R.E.C. figures, 4,780,000 
and 3,740,000. This contrast is readily explained 
by the haemoglobin figures - 82$ and 30$. From this 
it would seem that in chlorosis the percentage of 
haemoglobin is of greater importance for the blood 
viscosity than the number of the red cells is.
The same is also true of pernicious anaemia.
Number 347 illustrates the beneficial effect 
of administration of iron in such cases.
An interesting comparison of the three types of 
anaemia is got when a composite table is made shewing 
the R.B.C., and Hb. figures which correspond to the 
same viscosity.
It is noteworthy that whereas the secondary 
anaemia cases are distributed uniformly from 1 . 8  up 
to normal figures, the bulk of the pernicious anaemias 
have viscosities under 3 and the majority of the 
chloi’osis cases lie above this figure.
In secondary anaemias the number of the red cells 
and the percentage of haemoglobin tend to maintain 
their normal ratio (i.e. the C.I. is not far from 1.) 
while in chlorosis and in pernicious anaemia these 
figures vary in opposite directions (low or high C.I.)
Thus /
142.
Thus a viscosity reading of 2.4 would he given 
by a secondary anaemia with 2500000 R.B.C.and 40$ Hb, 
a pernicious case " 1400000 and 36
and a chlorosis " 3700000 and 30
Similarly a viscosity of 4 is shewn by
a secondary anaemia of 4600000 R.B.C.and 46$ Hb. 
a pernicious " M 3100000 and 72
and a chlorosis " 3900000 and 54.
143.
Blood Viscosity in Cardiac Oases.
If a cardiac lesion, however severe, is well 
compensated for there is no reason why the blood 
viscosity should be other than normal . When com­
pensation fails, as it has in many heart cases who 
seek medical advice, conditions are quite altered.
The object of the heart is to maintain an efficient 
circulation of the blood. The essential part of the 
circulation is the capillary areas where the blood 
is brought in close contact with the organs and 
tissues of the body, giving up a certain amount of 
oxygen and nutrient substances to them and taking 
away 00g and other waste products. In health the 
blood does not give off all its oxygen to the tissues
nor does it become saturated with COg. The first
*
result of a failing heart is a slowing of the blood 
stream, which shews itself most in the smallest 
blood channels. The blood fluid now remains longer 
in contact with the tissues and in consequence loses 
a greater amount of its oxygen, at the same time 
taking up more OOg. This anoxaemia produces the con­
dition of cyanosis. W e have already seen that an 
addition to the COg content of the blood, very markedly 
increases the viscosity of the fluid.
Here, then, we have a serious vicious cycle, as was 
first pointed out by Koryani (1906), - a poorly 
acting/
144.
acting heart allows an accumulation of carbon dioxide 
in the blood, and this by exaggerating the viscosity 
throws still more work on the heart. Koryani also 
emphasised the great benefit to be derived from 
oxygen inhalation in such cases.
Where the cardiac lesion is of such a nature that 
the heart cannot fully compensate for it by hypertropb 
or increased activity, the body tries to assist by 
Increasing the number of the red cells in the blood. 
This polycythaemia is a common feature of mitral 
stenosis cases and where congenital heart lesions are 
present. There is a limit to the usefulness of this 
cellular increase, for a point is soon reached at 
which further increase unduly raises the blood viscos­
ity and so embarrasses the already damaged heart.
It will be remembered that blood viscosity increases 
in linear ratio with each addition to the corpuscular 
volume till it reaches about 40$, (this corresponds 
to about 5,000,000 cells per c.m.ra.). Above this 
level further additions produce a disproportionately 
great augmentation of the viscosity. From this it 
follows that the normal number of blood cells is the 
moat economical that the body can work with. In spite 
of this the number of red corpuscles may far exceed 
the normal. Cases of polycythaemia have been 






Hutchinson and Miller (1906) described such a case 
where the vi3C03ity of the citrated blood was 11.8
*
times that of water. Parkes Weber and Dorner (1911) 
had a case of congenital heart disease where the 
polycythaemia amounted to 1 0 ,1 0 0 , 0 0 0  and the viscosity 
rose to 35.9.
A number of my heart cases show a considerable 
increase in the erythrocyte count, but the highest 
was given by a boy of 15 with a congenital pulmonary 
stenosis, and very marked cyanosis. The red cells 
numbered 9,810,000 and the haemoglobin 140$, while 
the viscosity amounted to 24.25, nearly five times 
the normal figure.
Another accompaniment of failing hearts is 
"cardiac oedema" and cases where this is present may 
shew a lower viscosity than those without it.
This oedema is usually looked upon merely as an 
accumulation of a watery fluid in the tissues, but 
the diminished viscosity in these cases and the 
improvement that»accompanies the use of diuretics 
and digitalis suggests that the blood itself is 
hydraernic. Similar* findings are reported by 
Austrian (1911), Martinet (1912), Parturier and 
Dons Kaufmann (1917).
This/
X Hutchinson and Miller 1906 Lancet, p.744.
* Parkes Weber and Dorner 1911 Lancet, p.150.
This dilution of the blood and the reduction in 
blood viscosity that it produces would tend to counter 
act the viscosing effects of carbon dioxide, and may 
be looked upon as a salutory mechanism. Hess (1904) 
says that in decompensated heart cases the blood may 
be either thicker or thinner than normal, the dilution 
being due to the tissues giving up more fluid because 
of the diminished pressure. This would hardly 
explain the accompanying oedema, however.
| II .
Von Noorden, summing up the findings of Grawitz 
and of Askanazy states that.- "(1) when the compensa­
tion is good the composition of the blood remains 
normal; (2 ) when compensation fails, and particularly 
in the early stages of it3 failure, the blood becomes 
more dilute; it may either remain dilute, return to . 
normal, or even become abnormally concentrated as the 
case progresses."
Some heart cases shew a certain amount of anaemia 
which tends to keep the viscosity reading down.
The most normal results are found in simple 
aortic cases, either stenosis or incompetence, and in 
well compensated mitral escape. On the other hand, 
mitral stenosis cases, except the very mildest ones, 
always shew some increase in the blood viscosity and 
a high blood count. The longest readings are got in 
cases of heart failure where cyanosis is present but 
no oedema.
+  v. Noorden 1907 Metabolism & Practical Medicine, 
Vol. 2, p. 335.
-H- Grawitz 1902 Klin. Path, des Blutes, p.491.
#= Askanazy 1397 Deutsch.Arch.f .kl.Med. (59) p.385.
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lesion for six years. Unable to work for 18
months. Developed a cough a month ago and
became rapidly worse after that. 4 days ago
legs began to swell. Cyan- Dysp-
R.B.O. H b . ■Oedema Qsls. noea.
V = 11.00 7520000 112 - .slight ++ + T f  ‘(3 April)
Strophahthus causing vomiting - unable 
to retain any food all day.
V = 5.45 5170000 110 - Nil +  + (17 April)
• Dulness at L. Ease.
V = 4.70 4450000 8 8  - Nil + + (28 May)
Been up for some days.
V = 4.57 4120000 80 - Nil - - (10 June)
Much .improved.
Mitral Stenosis.
The example heading the table (Case No.425) is a 
mild case shewing no heart symptoms, but some anaemia 
which accounts for the reduced viscosity readings.
In all the other cases the viscosity figures are 
distinctly high and some polycythaemia is present. 
Varying degrees of cyanosis and dyspnoea are shewn but 
oedema is only marked in one case (No.309) which in 
consequence occupies a place high in the list. His 
condition rapidly got worse, oedema, dyspnoea and 
blood viscosity increased and he died a few days later.
The remaining cases shew the changes that accom­
pany the administration of cardiac tonics. A 3 the 
symptoms disappear the blood counts fall, and with 
them the viscosity figures which may even come to be 
below the normal. In these cases the polycythaemia 
only persists so long as it is acually needed.
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Oase admitted 7 t h  September, - very oedematous and 
cyanosed, has not improved in spite of treatment 
with expectorants, diuretics and digitalis. Still 
passing very little urine (3 - 10 0 2 s.) which con­
tains .2 grs. albumin. Has been on a salt free 
diet for four days, but remains extremely oedematous 
and cyanosed.
Mitral Inoompetence.
The three cases shewn under this heading offer 
a sharp contrast to each other.
No,178 was a boy who had just had his first attack 
of rheumatic fever. His heart was not seriously 
affected and no change in the blood was to be 
expected. The viscosity readings simply shex? the 
daily variation.
No.452 was an old heart case recovering from an 
attack of heart failure, while the remaining case 
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Case 501. A man of 41 years, began to have attacks
of anginous pains 5 years ago. Legs began 
to swell first in February, but he carried 
on work until August, when dyspnoea, sleeplessness and 
vomiting became prominent.
Examined on 25th October, - shewed well marked double 
bruits in all areas. Now passing 80 ozs. urine in 
24 hours. It contains blood and granular casts and
.87 gr s . of albumin per oz. The legs and trunk are
waterlogged and there is a great deal of fluid in 
the peritoneal sac.
(25 Oct, )
V. R.B.C. Hb. B.P. Oedema Cyanosis Dyspnoea.
3.45 3450000 65 145 P. + + +
Treated with Digitalis and diuretics.
Frequent epistaxis.
(14 N o v . )
3.70 3120000 62 140 P. + + +  -
Urine has now fallen to 12 ozs. and contains
blood and albumin .2 grs. He is being dry cupped
daily. Patient died on Nov. 19th.
154.
Combined Aortic and Mitral Lesions.
155.
Ca86 Sex Age V. R.E.C. Hb. BP. 0. 0. D.
484 M. 26 4.50 5000000 82 130 ? ■+■ - 5 weeke
Heart attacks for 9 years. Aortic and 
Mitral stenosis.
107 M. 19 4.62 4850000 82 120 -v- - ■+-
Pew months history Aortic and Mitral 
incompetence, urine from 16 - 48 ozs. daily.
Case 88. A man of 51, had rheumatic fever 13 years 
ago but remained well until 18 months ago. 
Since when he has had several heart attacks. 
Blood first examined at Convalescent House after 
patient had been one month in hospital Double bruits 
present in all areas, the urine contained small trace 
of albumin, but there was no dyspnoea nor oedema.
30 June - 4.75 4590000 70 160 P. - - -
About a week later legs began to swell 
and he complained of abdominal pains.
He was then returned to hospital.
3 Aug. 4.50 5200000 94 168 P. ■+"
Oedema of legs, (passing 38 ozs. urine)
1 Sept. 4.76 4520000 94 165 P.
Oedema gone, passing 80 ozs. urine daily.
9 Oct. Died. At P.M. found congenital cystic 
kidneys in addition to cardiac lesions.
Case 433./
433. A youth of 19, had a very rheumatic history 
for many years and had never enjoyed good
health. For the past 3 months had been short 
of breath. On admission was very cyanosed and had 
some slight oedema of legs. There was evidence of 
aortic and mitral stenosis and mitral and tricuspid 
incompetence.' Urine 32 ozs. per diem, contained 
many casts and albumin 1.5 gr. per oz.
V. R.E.O. Hb. B.P. 0. G. D.
10 April 5.05 4700000 80 156 S. +  + +  H-
16 April 6.07 - - 130 S. Oedema much
less, other symptoms improved. Higher reading 
probably due to action of diuretin and strong 
saline purgative.
The above cases shewing combined aortic and 
mitral lesions require little comment, the opposing 
actions of increased carbon dioxide and hydraemia 
are sufficiently obvious.
In No. 301, where the patient is going rapidly 
down hill, it will be noticed that the viscosity rises 
though the blood counts are going down. The same 
thing is seen in the last two examinations in number 
88.
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Gases of myocarditis or cardiac weakness without 
definite organic valvular lesions shew changes similar' 
to those in other cardiac cases. In this series 
cyanosis was not very obvious, while oedema was 
fairly frequent. Only the last two cases In the 
li3t shew high viscosity readings, while all the 
others are somewhat low and have correspondingly 
reduced blood counts.
A wide range of blood pressure readings is 
presented, the two lowest in asthenics of middle age, 
the highest in patients where obvious arterial and 
renal disease co-existed.
Acute and Chronic pericarditis cases are 
classified with rheumatic fever in the course of 
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160.
Arterio-Sclerotic Oases.
The blood pressures in the cases shewn in the 
above table cover a wide range from 123 to 220, but 
in the majority of them the readings are distinctly 
high. All patients had moderate or marked thicken­
ing of the vessels and in one case the radial artery 
was absolutely calcified. The low pressure in 
oase number 143 means that the heart is in poor con- 
dition after the attack of. acute pleurisy; at- the 
second examination a fortnight later the blood 
pressure is seen to be recovering.
We have already seen that a relationship exists 
between blood pressure and blood viscosity in health 
and in some conditions of disease. ¥/hen a high 
viscosity has existed for a long time the increased 
strain will eventually tell on the vessels, producing 
first a phase of hypertonus which later would give 
place to arterial degeneration. But it must not 
be expected that high blood pressure and a viscous 
blood, will always be found in company. Even where 
a heightened blood viscosity has been the root of 
the trouble it may have disappeared long before the 
vascular disease manifests itself, for, with the 
onset of degeneration in the circulatory system, 
conditions of filtration and metabolic exdhange 
become altered and so change the composition of the 
blood.
The association of arterial disease and a high/
high viscosity might arise in another fashion. Where 
the blood pressure reading is not simply an interpre- 
: tation of increased arterial resistance but the 
pressure in the flowing blood is actually raised, 
this will lead to increased transudation and oon-
.! centration of the blood.
In the above table of definite arterio-sclerosis 
cases the majority of the viscosity readings are some­
what higher than normal. Some apparently are still 
within the normal range but when it is noticed that 
most of the patients are beyond middle life it will 
be seen that the figures are indeed raised.
Some of the cases require special mention.
No,8 was a young girl of 23 who suffered from very 
advanced disease of her kidneys and was just recoverir.. 
from an acute exacerbation of the condition. Her 
blood pressure was very high and could not be kept 
down by medicinal treatment. The high reading was 
believed to be largely due to spasms of the arteries. 
No.101 owes the relative lowness of his first vis­
cosity value to traces of a disappearing oedema, and 
the great height of his second estimation to an attack 
of acute gastro-enteritis with vomiting, - the associs, 
ted collapse would account for the low blood pressure 
figure at this time.
Some of the cases at the foot of the table shew/ 
commencing circulatory failure with some cyanosis or 
dyspnoea.
1 6 1 .
TABLE 22 -
Case Sex Age Vise. R.B.C. Hb. B.P. Vessel
Wall.
212 M. 51 4.25 4590000 80 162 + +  29 June.
5 years history. (Been on KI. for weeks)
85 M. 54 6.87 5100000 100 162 '
Dyspnoea and Cyanosis marked.
6.10 5080000 100 156 7 July,
Breathing easier. (Been having K I .)
Looks much better now.
Only two patients suffering from aneurism were 
examined. Both had thickened vessels and high blood 
pressures.
The first case (No.212) had been under treatment 
with potassium iodide for several weeks and was 
really in very good condition. His haemoglobin and 
red cells are diminished and the viscosity seems to 
correspond to these figures.
The other subject (No.85) was first seen when 
his breathing was bad. A second examination 9 days 
later shews a reduction in the viscosity and the 
blood pressure, though the blood count is practically 
stationary. He was also under treatment with 
potassium iodide, but the alteration in the viscosity 
is probably not due to this but to the improved 
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work complaining of headache and was diagnosed in­
fluenza. A week later he suddenly became hemiplegic 
and remained unconscious until his death a few hours 
after he was examined. At P.M. he was found to have 
a small aneurism on the circle of Willis and around 
this a small amount of extravasated blood. There was 
extensive atheroma of the great vessels and of the
j
heart valves.
Most of the cases in table 25, owe their hemiplegia 
to vascular degeneration and cerebral haemorrhage, a 
few to other causes.
At the top of the list stand three cases with 
low viscosity readings, which in some of them may be 
due to actual loss of blood.
The first case (478) was a healthy young man who 
fell when intoxicated and developed hemiplegia a few 
hours later. He did not come to Hospital till 10 
days afterwards. It will be noticed that his radial 
vessel was not palpable and his blood pressure was 
normal. His recovery wa3 rapid. The results in 
this case offer a 3harp contrast to the rest of the 
readings.
The second case (492) was an old hemiplegia of 
18 months standing who was now suffering from carcinonf 
of the sigmoid to which her anaemia could be attribu­
ted.
Number 53-5 has a normal viscosity with a high red 
count and a relative paucity of haemoglobin.
165.
The remaining cases have all an increased blood 
viscosity and some a high corpuscular figure too.
Some of the very high results may be due to malaera­
tion of the blood while the patients were still 
comatose.
The beneficial effects of venesection in cases 
of cerebral haemorrhage are illustrated by numbers 
85 and 344. Number 488, a case with multiple pontine 
haemorrhages, shews no such improvement, but became 
worse and worse in spite of repeated bleedings which 
apparently were insufficient to dilute the blood.
No.434-, had only a relatively low blood pressure 
and was treated without venesection. The high 
viscosity present shortly after the haemorrhage 
gradually fell but was still above normal five weeks 
later. The haemoglobin in this case remained prac-
I
tically constant.
The blood pressure in most of these hemiplegia 
cases was distinctly raised and the radial vessels 
were more or less thickened, and like the cases of 
arterial disease in table 23 , they probably had a 
high viscosity before the onset of the lesion. In 
the examples above, where several examinations have 
been mad.e, the readings are usually highest soon 
after the haemorrhage has occurred. This may be 
due to the unconscious state of the patient, or it 
may/
1 S 6 .
may be that some concentration of the blood has 
actually determined the haemorrhage by raising unduly 
the already high blood pressure.
Varicose Veins, Haemorrhoids, etc.
Twelve estimations were made in oases shewing 
venous dilatation. Most of the readings lay within 
normal limits. In two patients where the figures 
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101. Case of Male, aged 43, a labourer who enjoyed 
moderate health until 18 days before examina­
tion, when he began to complain of dimness of 
vision (retinal haemorrhage) and vomiting. Swelling 
of ankles began 3 days later. No cardiac disease 
but some accentuation of aortic second sound, some 
thickening of the arteries and a high blood pressure 
Slight dyspnoea and trace of oedema of legs on 
admission - none now. Been on Erythrol tetranitrate. 
V. R.B.G. Hb. B.P. Vessel Urine Oedema
6
July 5.60 5770000 102 158 S 46 Nil.
Improving.
Discharged from hospital on July 10th and re-
i mained fairly well till Aug. 30th when suddenly was
seized with severe diarrhoea and frequent vomiting
accompanied by cramps in legs and arms. These
symptoms continued after his admission to hospital
on 31st August. He was then somewhat cyanosed and
had a very feeble pulse.
V. R.E.'C. Hb. B.P. V. Urine Oedema.
(31st )10.90 6370000 110 132 P+- 10 ozs Nil.
(Aug.) Bism.Salicyl
(4th ) 6.25 5190000 100 150 P. 46
(Sept)




The nephritis cases were originally arranged 
according to their clinical diagnosis under the 
headings, - "acute, "subacute" and "chronic", but 
this was found to be unsatisfactory. All the "acute" 
cases shewed a reduced blood viscosity but the same 
condition was found in many of the examples of "Chroni 
Bright's". Cases of chronic renal disease are liable 
to light up at any time, and many of the so-called 
"acute" cases are merely exacerbations in the course 
of a latent or insidious subacute or chronic conditior 
Little reliance can be put on the patient's history 
of the duration of his ailment, unless the onset has 
been quite recent.
It appeared likely that the condition of the 
blood would depend, not so much on the length of 
time the disease had lasted, as on the present 
efficiency of the kidneys in secreting urine and 
getting rid of waste products, so the cases were all 
slumped together and arranged according to the vis­
cosity reading given by them. The results are 
interesting. The extremes are far apart but the 
cases naturally fall into three groups, those within 
normal limits, cases above, and cases below these 
figures.
The majority of the nephritis cases fall into
the/
the hypoviscous group with readings from 2.75 - 4.57. 
They include all the real, acute, cases and the cases 
of longer standing, who have sought re-admission to 
hospital for a fresh attack. In all these cases more 
or less oedema wa3 present, and in most of them the 
secretion of urine was low. The viscosity does not 
vary in constant fashion with either of these columns.
Granular and hyaline casts were present in all
these cases, and in some, especially those near the
top of the list, blood and epithelial casts also 
appeared. The amount of albumin found in this series 
varied from a mere trace to 9 grains per ounce, and 
again it was noticeable that the most severe cases
|were those with the lov/est blood viscosity.
The red blood cells and the percentage of haemo­
globin on the whole increase with the viscosity, but 
the ratio is not quite strict. In the lower ranges 
the viscosity is a little greater than the blood 
counts warrant, and in the higher reaches the reverse
holds good. The smaller figures at the top of the
list are to be looked upon as due to hydraemia, while 
at a later stage a true anaemia makes its appearance. 
As will be seen from the table, this secondary anaemia 
tends to counteract the rise in viscosity that is 
produced under treatment with hot air baths and 
diuretics.
The/
The blood pressure is raised in most of this 
group, but the high figures are not specially collected 
at either end of the table. The condition of the 
vascular wall also varied very considerably (P = 
palpable, P.P. = very distinct, S. = sclerosed.)
With a diminished viscosity a low blood pressure would 
be expected (as in anaemias) but that is not the rule 
in nephritics. When hydraemia is present a large 
amount of the surplus fluid can be accommodated in the 
venous and capillary lakes, but if the arterial system 
is also overfilled the blood pressure must rise.
It may be that the increased pressure in such cases 
is the result of the direct stimulation of the arterial 
walls by retained "pressor" substances, but more 
likely it is the response by some regulating mechanism 
(e.g. the suprarenals) to the call for a heightened 
pressure in the kidneys to enable them to continue 
the secretion of urine.
The three cases shewing normal blood viscosities 
are all chronic cases where no oedema is present.
All have thickened arteries and two of them shew 
a very high blood pressure. No.335 was really admitted 
for hemiplegia but was found to be passing only a small 




The hyperviscous cases are also chronic nephritics. 
Oedema is absent except in one of them - No.540 - who 
really owes his high viscosity reading and his in­
clusion in this part of the table to his cardiac 
dilatation and consequent cyanosis. The same con­
dition explains the result found in number 334-.
The remaining two cases - numbers 101 and 201 - 
would also fall within the higher ranges of normal 
were it not for the blood concentration consequent on 
persistent uraemic vomiting.
Twelve patients convalescent from acute or sub­
acute nephritis were also examined. Their readings lay 
betweem 4.15 and 6.00. Only one was above normal and 
four were below 4.70, the remainder shewed nothing of 
note» \
.Hirsch and Beck (1902) and Kottmann (1907) 
expecting to find in cases of nephritis a high blood 
viscosity which would fit in with preconceived ideas 
and explain the increased blood pressure, were sur­
prised to find that it only occurred exceptionally.
A diminished viscosity is also recorded in these cases 
by Austrian (1911), Bachmann (1909), Bence (1906),




Some Interesting observations were made by 
Segale (1907) in experimental anuria. Ligature of 
the vessels at the hilum or extirpation of a part of 
the kidneys produced the same results - a more or less 
marked reduction of the blood viscosity after 24 hrs, 
later there might be further diminution or a slight 
rise.
In all cases where he ligatured the ureter he 
found increase of the viscosity - sometimes to a very 
considerable degree.
Brandau (1917) employs the viscosity estimation 
in cases of renal and cardiac disease as an index for 
treatment.
Where both viscosity and blood pressure are raised 
he advocates purgation and venesection.
In cases with high B.P. but low viscosity, 
purgation is indicated but venesection should be 
avoided.
Purgatives are dangerous where a low blood pressure 
is associated with a viscous blood, since they would 
increase the viscosity and add to the embarrassment of 
the enfeebled heart. Venesection might be useful 
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Moat of the pneumonia cases have been examined 
early in the disease, a few at later stages. Practic­
ally all shew a distinct increase in the blood viscos­
ity which in some cases is markedly raised* At the 
same time the red blood corpuscles and the haemoglobin 
are somewhat low and the viscosity is much greater 
than these counts would warrant.
The temperature, the pulse and respiration rates 
and the leucocytes are all increased to varying extent 
and none of them shew any relation to the amount of 
viscosity augmentation.
The skin was flushed in many oases but the 
viscosity did not appear to correspond in any way to 
the amount of perspiration present.
The viscosity did not alter at different stages 
of the disease, but a fall takes place after resolu­
tion has set in. Ten patients convalescent from 
pneumonia were also examined at periods from 2 - 6  
week3 after the crisis. In these the viscosity 
readings were either normal or about 4.50, the exact 
figure depending on the degree of anaemia present.
The first case on Table 25 was a woman seven 
months pregnant who had been indefinitely ill for 
4 days and now shewed signs of commencing consolida- 
yion at both bases. She was probably very anaemic 
but there was no opportunity of examining the red 
cells/
178.
With the exception of this patient, all the cages 
shew viscosities above the normal and the more serious­
ly ill gravitate to the foot of the li3t.
Case 342, when examined on the 9th day, gave a 
comparatively low reading and five weeks later when 
the condition was still unresolved, the reading was 
very much lower, corresponding with the anaemia which 
had developed.
Austrian (1911), Bachmann (1909) and Ramjanzew 
(1914) all draw attention to the heightened viscosity 
seen in pneumonia cases. Austrian attributes the in­
crease to the effects of cyanosis and salt retention, 
while Baohmann states that the number of R.B.G. and 
W.B.C. and the carbon dioxide content have no influence 
in these cases since the changes are only found in 
the milder ones. Bachmann blames the increased amount 
of albumin in the plasma, and this finding is con­
firmed by Trumpp (1911) who states that in pneumonia 
the difference between the viscosity of the total 
blood and that of the same blood defibrinated is 14^, 
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In the above table of acute pleurisy cases the 
blood viscosity is found to range from 3.75 to 5.25, 
thus including both low and high figures as well as 
many normal ones. These results seem to correspond 
fairly closely with the red blood corpuscle figures 
and the percentage of haemoglobin present. No such 
relation to the temperature or to the pulse and 
respiration ra,tes can be made out. Most of the case 
shewed a good deal of perspiration but this does not 
seem to have influenced the results.
The first case (No.501) owes its specially low 
figures to the enormous amount of oedema present.
The quantity of the effusion into the pleural cavity 
doe3 not apparently affect the blood viscosity.
In case 349 the viscosity reading ha3 risen 
together with the other blood figures, fourteen days 
after tapping.
A reduction in all three item3 occurrs in No.422 
two days after the removal of a large quantity of 
exudate; and in No.363 where the chest continued to 
fill up after each withdrawal of fluid, the drain on 
the system resulted in a considerable degree of 
anaemia and a greatly reduced viscosity reading.
A comparison of these results with the figures 
found in the pneumonia cases is interesting.
On the whole the temperature, the pulse and




pleurisy cases, while the leucocytosis is not so 
marked as in the pneumonias.
In both tables the blood counts are approximately 
the same, but the pneumonia cases shew higher viscosit 
readings.
The different level in temperature is not suf­
ficient to account for this, since we have already 
shev/n that at the same temperature the pneumonic 
blood is more viscous than that of a pleurisy case.
Nor does it seem to be due to the higher number of 
leucocytes present in the circulating blood in the 
pneumonias. Again, a large effusion up to the 
clavicle will knock out a good deal more of the Tung 
tissue and cause greater cardiac embarrassment than 
the consolidation of a single lobe, and yet in such 
a case (No.349) the respiratory rate only rose to 
26 and the viscosity stood at 4.70. The cause of 
the dyspnoea in pneumonia apparently depends on 
something more than reduction of the aerating surface 
in the lungs, and is probably to be looked for in 
the presence of abnormal acids which may stimulate 
the respiratory centre just as carbon dioxide does.
(Wells, Chemical Pathology p.560). Lewis and 
*Barcroft have shewn that such an acidosis does exist 
in pneumonia and is often very well-marked. This 
acidosis /
!
* Lewis & Barcroft 1915 Quart. Journ. Med. (8)
p. 108.
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acidosis will alter the blood viscosity by interfering 
with the distribution of water and salts between the 
corpuscles and the plasma in the same way a3 carbon 
dioxide. In lobar pneumonias where large numbers of 
cells are being broken up, - first red cells and 
fibrin and later white cells, - a large amount of 
waste material will be carried into the blood stream 
and doubtless this also tends to raise the viscosity 
of the plasma.
Further, it is generally accepted that in 
pneumonias the amount of fibrinogen in the blood is 
greatly increased and this again must add to the 
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The first case shewn on the above table was a 
feeble emaciated old man whose chief complaint was 
"rheumatics’' and who had a slight cough but no 
dyspnoea nor sign of heart failure.
The remainder of the cases were chronic bron­
chitis of long standing, who had sought admission to 
hospital for an exacerbation of their condition or 
for a fresh "cold".
Amongst the cases shewing normal viscosity 
figures are two convalescents who had sufficiently 
recovered to be able to walk about quite comfortably.
Number 360, who had a low viscosity just within 
the limits of normal, owed his figure to the antagon­
istic actions of hydraemia and cyanosis.
Number 312, who also had a normal reading, 
suffered from chronic disease of his kidneys and was 
passing large quantities of urine. There was no 
oedema present at the time of examination.
The other patients all had a blood viscosity 
reading above the normal and owed this to the cyanosi 
and heart failure from which they suffered. Some of 
them shewed oedema as' well.
The altered viscosity of the blood in these 
cases is to be looked upon as due to mal-aeration in 
the lungs - from passive congestion, emphysema, etc., 
and to the defective character of the circulation, 
which/
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which allows too slow a passage through the systemic 
capillaries.
The results in this series contrast with the 
findings in both the pneumonias and the pleurisies.
Two other lung cases might he mentioned at this 
point.
The first, a young man of 24, who had suffered 
from hronchiectasis for many years had a blood 
viscosity of only 4.90 in spite of the fact that he 
was running an irregular temperature. Hi3 blood 
shewed 4710000 red cells v/ith 85^ haemoglobin.
The other case was a woman of 45 who had an 
extensive involvement of her lungs by new growth 
secondary to scirrhus of the breast. An examination 
of her blood shewed evidences of pulmonary insuf­
ficiency - her figures were, - Viscosity 6.75, 
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Patients suffering from pulmonary tuberculosis 
would be expected to shew variations in their blood 
viscosity corresponding with the amount of lung 
involved, the temperature, the amount of perspiration 
and the degree of anaemia. With two exceptions the 
patients included in the above list enjoyed fairly 
good health and were living an open air life. More 
than half of them have viscosities above the normal 
limits. Similar results are quoted by Bachmann 
(1909), Trumpp (1911) and Robert-Tissot (1907).
The last author suggests that the increased viscosity 
is due to carbon dioxide increase and alkali diminu­
tion in the blood in these cases. He bases his 
argument on the statements of Robin and Binet who 
shewed at the Tuberculous Congress in London in 1901 
that in 92/ of phthisis cases the oxygen consumption 
and the production of carbon dioxide are augmented, 
and that an exaggerated gaseous combustion was one 
of the characteristics of the terrain liable to in­
fection with the tubercle bacillus.
Since my best cases were those with raised 
viscosity readings I cannot subscribe to the findings 
of Osier and Lamb (1912) who believe that a low read­
ing is of good prognosis.
The/
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The low figures in the first oase on the list 
correspond with the poverty of haemoglobin. The 
readings in the three following cases are about 
normal when the ages of the subjects are considered.
The great increase in the blood viscosity found 
in the two cases of tuberculous pleurisy at the 
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The oases of tuberculosis collected on Table 29 
were examined under similar conditions. The readings 
in the majority of them fall within normal limits, 
while only a few exceed or fall short of these figures. 
This contrasts sharply with the findings in the 
pulmonary cases and is somewhat remarkable when it 
is considered that in some of the chest cases the 
amount of lung involved was comparatively little.
The cases on this table do not group themselves 
into classes. Three hip joint cases are amongst 
the lowest viscosity readings, but other joint cases 
appear far down the list.
Bachmann (1909) thinks his — ~c quotient partic­
ularly valuable in differentiating tubercle from 
typhoid. His figures emphasise the difference be­
tween pulmonary and other tubercle. In pulmonary 
tuberculosis the quotient varies from 11.5 - 16.6 
and in other manifestations from 14 - 18. The low 
quotient figures simply express in another way that 
the viscosity is high relative to the percentage of 
haemoglobin. A high 5̂ .* quotient is found in 
typhoid where the loss of albumin gives an impoverished 
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Practically all the patients suffering from 
malignant- disease, whom I examined, shewed a thin 
blood, the low viscosity being associated with a 
corresponding poverty of red corpuscles and haemo­
globin. This anaemia may arise from haemorrhage, or 
from some toxic action on the blood or bone marrow.
It is also probable that the malnutrition found in 
such cases leads to impoverishment of the plasma 
solids and so tends to keep the blood viscosity low.
The figures in this table are very similar to 
those of the secondary haemorrhage cases, where loss 
of red corpuscles and dilution of the plasma go hand 
in hand.
The last two cases are exceptional. In both of 
them there is a slight compensatory polycythaemia 
which would partly account for the high readings.
There was probably also an increase of the CO^ content 
in the blood of these cases.
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Oases shewing Jaundice.
Haro, so far back as 1876, noticed that the 
addition of bile salts to oxalated blood raised its 
viscosity to a considerable extent and suggested 
that the increased thickness of the blood accounted 
for the slow pulse of jaundice.
Rotky (1907) and Austrian (1910) both comment 
on the high readings found in these cases and also 
note that the plasma viscosity is increased as well 
as the total viscosity. In some cases Rotky found 
the viscosity of the plasma raised altogether the 
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Of the five jaundiced patients I had an opportun 
ity of examining, four owed the pigmentation to the 
presence of malignant disease in the liver or pancrea 
In all these the viscosity readings were lower than 
normal on account of the poor haemoglobin and low 
corpuscular figures.Í
The fifth case is of quite another kind. The 
patient, when admitted to the Infirmary, shewed a 
greatly enlarged liver and some increase in the 
splenic dulness. He waa deeply jaundiced and was 
diagnosed as a case of Hanot’s cirrhosis. At all 
examinations the viscosity was very high - greatly in 
excess of what would he expected from the number of 
the red cells and the percentage of haemoglobin 
present. These results suggest an alteration of theI
plasma viscosity.
Cases of Cirrhosis of the Liver.
In addition to the case of Hanot*s disease 
mentioned above, two other cases of liver cirrhosis 
were examined. These shewed no jaundice.
The first (No. 437) gave the low viscosity 
figure of 3.87 his blood estimates being, - 
R.E.C. 3210000 and Hb. 60^. The severe anaemia 
in this case waa brought about by frequent epistaxis.
The/
1 9 6 .
The readings in the other case were practically 
normal.- V = 5.03, R.B.C. 4651000 and Hh. 8 0 % . 
The patient was a woman aged 30, who had a good deal 
of ascites and some temperature.
Gallstones.
The viscosity figures in four out of five 
patients suffering from gallstones were slightly 
above the normal level, the fifth was normal.
TABLE 32. Gastric Conditions.
Case Sex Age Vis. R.B.C. Hb. Remarks.
358 P 39 3.82 3800000 57 Gastric ulcer - 
Haematemesis.
109 P - 4.05 4140000 78 Gastric Ulcer.
24 M. 64 4.50 3700000 70 Haematemesis 
(cause unknown)
244 F 23 4.65 4620000 88 Hyperchlorhydria.
132 F 37 4.65 4690000 89 Atropic Gastritis.
73 F 20 CO o 4760000 92 Gastric Ulcer 
(Convalescent)
368 M 35 7.25 4550000 98 Haematemesis, 
Much vomiting.
The figures in all these cases except the last 
two, are somewhat below the proper level. This low 
viscosity, of course, is the direct sequel of Anaemia 
and is due to the loss of blood, or insufficiency of 
the nourishment taken by the patients.
The convalescent gastric ulcer case gives 
satisfactory figures.
In the case of Number 368, the extraordinarily 
high result was produced by concentration of the 
blood following several days persistent vomiting.
Other abdominal conditions examined, include 
Latent Typhoid, diarrhoea and vomiting, appendicitis 
cases convalescing after operation and a case of 
hydatids of the liver* There was nothing very char­
acteristic about the results in these cases. All 
gave rather low figures corresponding with the degree 
of anaemia shewn.
1 9 3 .
TABLE 33. Diseases of the Nervous System.
Cass Sex Age Vise. R.B.C.. H b . Remarks.
53 P 13 4.45 4710000 76 Chorea.
137 F 13 4.55 4800000 89 ft
34 F 11 4.56 5080000 90 ft
405 F 12 4.92 4650000 87 H
290 M 15 4.70 - 85 Epilepsy.
20 M 22 5.25 4820000 95 N euras theni a .
126 M 30 5.60 5090000 95 ?»
28 M 38 6.00 498000 95 f
204 F 25 5.50 4820000 93 Functional Tremor.
182 F 23 (4.25
)(4.79
44-71000 87 Alcoholic Neuritis (24 Aug.)
4430000 89 " " (4 Sept. )
242 M 36 4.85 4550000 88 tf t
102 M 43 5.35 4-850000 97 Glycosurie Neuritis. 
(Sugar 4.2 grs. per oz.)
23 M 28 5.12 4450000 80 Disseminated Sclerosis.
50 M 45 5.73 4950000 95 Tabes Dorsalis.
44 M 19 5.90 4440000 95 Poliomyelitis Anterior Acute.
423 F 44 5.12 4860000 96 Tuberculous Meningitis. 
(Died 2 days later)
518 M 15 5.50 - ~ Pneumococcal Meningitis 
(? abscess)
511 M 14 5.65 4080000 72 Clinically Acute Meningitis. 
Died few hours after examina­
tion. No lesion found except 
congestion of the brain.
343 M 11 4.55 4230000 68 Cerebral Abscess (ear case)
1 9 9 .
The above table (No. 33) contains a miscellaneous 
collection of conditions affecting the nervous system.
The cases in the upper part of the list all have 
normal viscosities when the age and sex of the 
patient is kept in mind. The only exception is 
No.28, a neurasthenic, who has a slightly raised 
figure.
Numbers 182 and 242, two cases of alcoholic 
polyneuritis, shew rather low viscosity readings 
which contrast with finding in a case of diabetic 
neuritis.
The meningitis cases seem a little high; number 
511 is especially notable when the patient’s age and 
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Most of the viscosity readings in the above table 
are somewhat low in spite of the fever and the copious 
sweating. The lowest figures are in uncomplicated 
joint cases,while those cases where pericarditis is 
present, shew slightly higher results. This is 
difficult to account for. The spread of the inflam­
matory process to a fresh serous cavity is insufficiert 
to explain it, and the mechanical effect on the heart ' 3  
movement in the early stages, must be but slight.
It may be that when the inflammation attacks the 
pericardial surface, the subjacent muscle is also 
involved.
The changes in blood viscosity following the 
onset of pericarditis in a rheumatic fever case are 
well illustrated in No.495.
In this series of cases the leucocytosis ranged 
from S300 to 17200. No relationship between the 
viscosity and the number of white cells present was 
evident.
The amount of perspiration and the height of the 
temperature do not appear to influence the results.
A case of long-standing adherent pericardium 
gave the following figures - V = 5.30, R.B.C.
4980000, Hb. 98^, which are practically normal for 
his age - 53.
Six cases of chronic rheumatism and rheumatoid
arthritis were also investigated but shewed no char­
acteristic departure from the normal.
p h o/OU ©
Diabetes Mellitus Cases.
TABLE 35.
Case Sex Age Vise. R.B.C. Hb.
323 M 57 5.25 4750000 96 22 Nov.
5.37 4690000 93 28 Nov.
102 M 43 5.35 4850000 97
483 M 21 4.50 3910000 80 30 May.
4.75 4040000 85 4 June
1CLO 4120000 85 14 June
7 M 18 6.25 5100000 100 12 June
5.75 5160000 96 22 June
Opinions regarding the viscosity changes found 
in the blood of diabetics are a little at variance. 
Martinet (1912) says that the blood viscosity is 
raised in all diabetics and Austrian (1911) believes 
that the viscosity readings of both plasma and whole 
blood are high in such cases. Bachmann (1909) and 
Rotky (1907) could find no essential change, while 
Umber (1909) and Jorns (1909) report that they found 
some very high figures in diabetic coma. In this 
last condition the high viscosity of the blood is not 
so likely to depend on the amount of sugar as on 
the presence of other abnormal products.
Glucose though crystalloid in character, is a 
non-electrolyte and will only increase the viscosity 
in/
in proportion to the amount of it in the fluid. The 
quantity of sugar which occurs normally in the blood 
is an insignificant fraction, and even in hyper- 
glycaemia it hardly increases sufficiently to-directly 
alter the blood viscosity. But the increase of sugar 
may upset the balance between the blood and the 
tissues, and the polyuria associated with the con­
dition will concentrate the blood and so increase its 
viscosity.
The' table given above shews high, low and medium 
values.
Cases 323 and 102 had normal viscosity readings. 
They were passing from 40 - 70 ozs of urine daily, 
containing from 4 - 3 0  grains of sugar per ounce.
Case number1 7, who was examined in the Conval­
escent House, had a high blood viscosity reading.
His blood also shewed a fair degree of polycythaemia 
and he was passing large quantities of urine.
In contrast to this is a severe case (No.4-83) 
seen in the Infirmary. Although passing 14-0 - 150 
ounces of urine daily with 30 grs. of sugar per ounce. 
the blood viscosity was distinctly below normal.
It will be noticed that the other blood data are 
also low.
In this series of cases, the blood viscosity did 
not correspond in any way with the amount of urine 
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It has been stated that the active principle of 
the Thyroid gland reduces the blood viscosity, while 
the.lack of this substance tends to raise the viscos­
ity. The evidence on which these statements -are 
based, is not very convincing, e.g. Burton-Opits 
(1904) stated that intravenous injection of Thyroid 
extract in dogs raises the blood viscosity, and in 
1906 he observed that in dogs with thyroid enlarge­
ment the viscosity of the blood was low.
Fano and Rossi (1905) conclude from experiments 
on animals that the thyroid and the parathyroid 
hormones adjust and regulate the viscosity of the 
blood by altering its physio-chemical condition.
They found that removal of both thyroid and para­
thyroid glands was followed by an increased viscosity 
and that the extirpation of the thyroid alone resulted 
in a still greater increase whi1e if the para thyroids 
only, were removed, no such effect was seen.
Segale (1907) on the other hand, got constant 
lowering of the blood viscosity in removal of the 
parathyroids or of both these and the thyroid, but 
not when the thyroid alone was taken away. These 
experiments he repeated later, and in. his 1915-14 
paper he confirms his previous findings.
Determann (1910) could discover no difference 
in blood viscosity in his cases of Myxoedema and of 
Exophthalmic/
Exophthalmic Goitre.
All my thyroid cases (except one of Graves’ 
disease) shew reduction of the viscosity figure, in 
fairly close relation to the diminished blood counts.
The findings in the myxoedema case are probably 
not typical of such cases, for the patient also 
suffered from albuminuria and had a great deal of 
oedema. The second estimation in this case taken 
after five weeks treatment with thyroid extract, 





Case Sex Age Vise. R.B.C. Hb.
439 M 29 4.25 324-0000 45 Very anaemic.
98 M 45 4.70 4631000 37 Convalescent.
33 M 55 5.50 4420000 81 Convalescent.
Two of the scurvy cases were convalescent be­
fore they were examined. In one the viscosity reading 
is a little high and in the other a little low for 
their ages, but both are still within the normal 
limits. The first case also suffered from a consider­
able degree of anaemia, but the viscosity reading 
though lower 'than normal, is much above what would be 
expected with the haemoglobin and red corpuscle 
values shewn.
Beri-beri.
305 M. 27 4.25 4820000 92 Oedema present
329 M 18 4.42 4510000 90 Oedema.
327 M 30 4.47 4980000 91 Slight oedema.
328 M 22 ooeID 5010000 98 No oedema.
This batch of cases form an interesting group. 
They were big burly sailors from a Scandinavian 
sailing vessel which had arrived at Leith from South 
America. The boat had taken a month to sail from 
Peru to the Cape and during this time the crew had 
been/
been fed largely on preserved herring.
Weakness and swelling of the legs developed 
shortly after this as they were "crossing the line" 
about six Yieeks before they were examined in 
I Edinburgh.
The viscosity readings in all four cases are 
low when compared with the remarkably good haemo­
globin and red cell figures. dt will be noticed 
that the viscosity values are in inverse proportion 




The present thesis is based on the.results of 
examination of the blood viscosity and other data in 
upwards of 500 cases, and also includes an account of 
a large number of experiments done on the factors 
which influence blood viscosity in vitro.
Having first emphasised the importance of the 
blood viscosity in the economy of the body, and re­
viewed the history of the subject, we proceeded to 
consider the physical laws involved. We then examined, 
the different types of viscosimeter available, and 
discussed the merits of the more important clinical 
instruments. It has been pointed out that investiga­
tions conducted with entirely different types of 
apparatus give consistent results and that in the 
viscosimeter we have a reliable clinical instrument 
.comparable to the haemoglobinometer or haemocytometer. 
The only drawback to its more extended use, i3 the fact, 
that to get a proper appreciation of the viscosity 
reading, simultaneous estimations of the corpuscles 
and the haemoglobin must also be made.
The methods of employing the viscosimeter and 
the precautions to be observed in taking the blood 
samples have been described in full.
1./
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1. As a preliminary to the study of blood viscosity 
in disease, a large number of normal cases were 
examined to fix standards for comparison. It was 
found that the blood viscosity, like the other 
figures given by the blood, varies with the age 
of the subject, rising to a maximum in middle 
life and then receding. I found the average 
viscosity in males to be 5.21 and that in females 
a little lower.
The viscosity varies about 3/ at different 
times of day just as the numbers of red and white 
cells alter in relation to meal times. Under 
similar conditions, the changes in blood viscosity 
from day to day over considerable periods are 
also negligible. A standard viscosity exists 
for each person so long a3 he maintains a uniform 
state of health.
2. An effort was next made to find out by analysis 
of the clinical material what factors control the 
blood viscosity.
T have shewn that the viscosity of the blood 
bears a very close, but not a slavish, relation­
ship to the number of the red cells, to their 
total volume in the fluid, to the percentage of 
haemoglonin and also to the specific gravity of 
the blood. The fact that discrepancies do occur, 
proves/
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3. A comparison of the blood viscosity and the 
blood "alkalinity” yielded no information.
4. It has been shewn that the viscosity is higher 
in venous blood and that in patients with cyanosis 
the viscosity of the capillary blood is also in­
creased;, in some cases to a very considerable 
degree so that at times the reading may be twice 
the normal.
The raising of the viscosity that follows 
increase in the carbon dioxide content, was also 
demonstrated in vitro.
5. The concentration of the plasma resulting from 
muscular exercise, hot air baths, persistent 
vomiting or diarrhoea produces an augmentation of 
the blood viscosity, while the dilution of the 
plasma accompanying renal or cardiac oedema and 
that following venesection, gives a reduction of 
the readings for the whole blood. These altera­
tions in the composition of the plasma also affect 
the number of the red cells per c.m.m. and do not 
give a true picture of the influence of the fluid 
portion on the viscosity of the whole.
proves that other factors are at work.
6-/
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the blood viscosity was also carefully looked for, 
but our examination leads us to believe that with­
in ordinary pathological limits, the influence of 
the leucocytes is infinitesimal. It is true that 
high or low white counts were often associated 
with corresponding changes in the blood viscosity, 
but this depended rather on the anaemia or the 
fever present in these cases.
7- A large number of comparative observations were
made on the coagulation time of the blood. No 
constant relationship to the viscosity could be 
discovered, though some of the low viscosity cases
ir ''shewed very long coagulation times.
8. In a schema where conditions can be kept constart,
a rise in the viscosity of the fluid is accompanied 
by an increase in the pressure. In health the 
body can compensate in various ways, for alteration 
in blood viscosity and so keep the blood pressure 
uniform, but in some diseases this compensation is 
less perfect.
It has been pointed out that in normal people 
the two series of figures mount together as age 
advances till middle life is reached, when they 
diverge. The continued rise in the blood pressure 
reading is largely due to changes in vascular 
resistance,/
6 . A r e la t i o n s h ip  o f  the  number o f  w h ite  c e l l s  to
2 1 3 .
9.
10.
resistance, rather than to an actual increase in 
the intravascular pressure.
The clinical material has been examined from 
several points of view to study the relationship 
of these body constants. The most satisfactory 
arrangement was to group the cases under nine 
different headings according to whether the results 
were high, low, or normal. It was then found that 
certain diseases separated themselves into definite 
groups.
For example.-
Cases with Cyanosis shewed V-+- , and B.p.-t- .
Pulmonary insufficiency cases V +  , B.P. -.
Hydraemias (renal
insufficiencies) V -, B.P.+
Anaemias V ~, B.P.
Cases of nephritis occurred in several of the 
groups according to the presence or absence of 
oedema and the height of the Blood pressure.
A possible connection between blood viscosity an 
pulse rate was also looked .for, and it was shewn 
that any marked departure from the normal viscosity 
led to an increase in the rate of the heart beat 
either to maintain the blood pressure or to keep 
the thickened fluid in motion.
11. The respiratory rate did not shew any similar 
relationship to the blood viscosity.
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12. Analysis of gone sixty cases suffering from 
fever, proved that the rise of temperature was 
usually associated with an increase in the vis­
cosity of the blood (in spite of the fact that 
in vitro the viscosity of a fluid falls rapidly 
as its heat increases.) This alteration cannot 
be due alone to loss of fluid by perspiration, 
since cases with the same temperature and the 
same amount of sweating may have widely different 
viscosities. It is probable that it depends 
rather on some product of altered metabolism
(an acid perhaps) which acts by modifying the 
affinity of the cells for water and so changing 
the distribution of fluid in the body.
13. Before describing the laboratory experiments 
a short review was given of the factors which 
influence the viscosity of various disperse 
systems including colloids.
14. It has been shewn that the different protein
fractions of the plasma have different viscosity 
values, euglobulin is the highest and serum 
albumin the least viscous while pseudoglobulin 
occupies an intermediate position.
15. The influence of the plasma viscosity on the 
total viscosity was examined by adding equal 
amounts/
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amounts of corpuscles to gum solutions of dif­
ferent strengths and it was shewn that the 
viscosity of the plasma controls that of the 
whole blood, the two figures increasing in 
direct proportion.
16. Where the composition of the plasma remains 
unchanged the viscosity of the blood depends on 
the aggregate volume of the corpuscles present.
At lower range, increasing percentage of R.B.C. 
is accompanied by a linear increase in the 
viscosity which can be expressed by the formula 
of Hatschek V° = V (1+4.5 P).
At higher concentrations, the viscosity 
rises much more rapidly than the corpuscular 
volume and corresponds to the formula
v° = V J f L
% ~ A - 1
17. It has been shewn that any alteration in the 
saline concentration of the plasma is accompanied, 
by a disturbance of the viscosity so that the 
normal 0.9^ is the least viscous solution. The 
increased viscosity with hypotonic solutions is 
due to swelling of the corpuscles and that in 
hypertonic solutions to the increased friction 
produced by crenation (although the bulk of the 
plasma/
plasma in this latter case is actually increased.)
18. The great increase of viscosity which follows 
haemolysis of the corpuscles has also been 
demonstrated.
19. Minute quantities of acid added to blood 
mixtures in vitro greatly raised the viscosity.
This at first is due to the cells imbibing water 
and swelling, and later depends upon the libera­
tion of haemoglobin from the red corpuscles.
20. Very much larger quantities of alkali can be 
added to similar mixtures of blood without appre­
ciably altering the viscosity of the fluid.
21. The effect of substituting various salts for 
the sodium chloride in mixtures containing washed 
corpuscles, has been investigated. A negative 
viscosity was produced by potassium iodide, 
potassium bromide and potassium thiocyanate.
No cliange in viscosity occurred when 30dium bi­
carbonate, sodium fluoride or potassium nitrate 
were employed; while potassium chloride, potas­
sium chlorate, sodium carbonate and sodium 
phosphate actually increased the viscosity of the 
mixtures.




headings and have been examined to see if any 
disease is associated with characteristic changes 
in blood viscosity. Some interesting results 
have been recorded.
Oases of anaemia usually have a low viscosity 
which corresponds with the diminution of red cells 
and haemoglobin.
The picture given by the secondary anaemias 
most closely resembles the results found in 
artificial mixtures of corpuscles in serum, since 
in them the colour index tends to remain in the 
neighbourhood of one.
Oases of pernicious anaemia shewing the same 
degree of viscosity as the above cases, always 
have a much lower red cell count and a higher 
amount of haemoglobin, while under similar con­
ditions the blood in chlorotic subjects contains 
many more erythrocytes but much less haemoglobin.
It is suggested that the low viscosity of the 
blood in anaemias at least partly accounts for 
the low blood pressure, the increased pulse-rate, 
for the palpitation and possibly for the haemic 
murmurs found in these cases.
Several of the causes quoted illustrate the 








the blood under the administration of iron or 
of arsenic.
In heart cases where compensation is good the 
blood viscosity remains quite normal. Some cardiac 
patients however, have a certain amount of com­
pensatory polycythaemia, and the viscosity in 
them is therefore above normal.
This state of affairs is almost always found 
in cases of mitral stenosis and congenital heart 
lesions.
Heart failure with oedema is accompanied by a 
diminished viscosity, which suggests that in these 
cases the blood i3 diluted.
In cases of heart failure without oedema the 
slowing of the stream in the systemic and pulmon­
ary capillary areas, leads to cyanosis and an 
increase in the blood viscosity.
Some of the highest viscosity values were got 
in such patients where there was heart failure 
and cyanosis but no oedema.
The same remarks are also true in non-valvular 
cardiac cases.
The rapid improvement in the blood viscosity 
that follows the giving of heart tonics, is well 
seen in some of the tables.
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Vascular degeneration and hypertrophy of both 
sides of the heart are likely to follow prolonged 
hyperviscosity of the blood, though the blood 
viscosity may have returned to normal long before 
arterio-sclerosis manifests itself.
A number of my arterio-sclerotic and aneurism 
patients did shew a high blood viscosity but in 
some of them it was obviously due to mild cyanosis.
In a series of cerebral haemorrhage cases the 
findings were similar. (A case of middle menin­
geal haemorrhage in a young man offered a sharp 
contrast to these.)
The prolonged reduction of blood viscosity 
produced by venesection is illustrated in several 
hemiplegia cases.
The majority of my patients with renal disease 
had a blood viscosity well below the normal.
This hypo-viscous group included all the acute 
cases and such older cases as were suffering from 
a fresh exacerbation of the disease. All had more 
or less oedema and in most of them (not all) the 
quantity of urine secreted in 24 hours, was small. 
The reduction in the blood viscosity is at first 
due to a hydraemia but later this gives place to 










The remaining renal cases who shewed no acute 
symptoms, had viscosity readings normal or slight­
ly raised. The cardiac hypertrophy found in 
Bright's disease is not due to hyperviscous blood.
The findings in respiratory cases depend on 
the disease present. A relatively high viscosity 
is always found in pneumonias, while acute 
pleurisies with the same temperature and the same 
amount of perspiration shew much less change.
The viscous blood of chronic bronchitis depends 
on the dyspnoea and cyanosis present.
A fair proportion of ambulant phthisis cases 
have an increased blood viscosity which is not so 
commonly seen in other cases of tuberculosis.
■ In Malignant Disease the low viscosity values 
correspond to the accompanying anaemia.
Pour cases of jaundice due to neoplasm shewed 
a diminished blood viscosity while a case of 
Hanot's cirrhosis with much jaundice gave a greatl 
augmented figure.
In a variety of gastric conditions the viscosit 
was found to be low as a result of haemorrhage 
or malnutrition. One haematemesis case gave a 
very/
concentrating effect of hot air baths and diuretic
very high reading after vomiting for several days.
42. Little characteristic change was found in 
patients suffering from diseases of the nervous 
system, but there was a definitely raised viscosity 
in some cases with acute meningitis.
43. The blood viscosity was low in cases of rheu­
matic fever in spite of the pyrexia and perspiration. 
This is especially true of uncomplicated cases,
for with the onset of pericarditis an increase 
in the viscosity occurs.
44. In diabetics, high, medium and low readings 
were obtained and the results did not depend on 
the amount of urine excreted or on the percentage 
of sugar it contained.
45. All the thyroid cases, - exophthalmic, adeno­
matous and myxoedematous alike - 3hewed anaemia 
and a diminished blood viscosity.
46. A small group of Beri'-beri patients had 
hypoviscous blood according to the degree of 
oedema they shewed, and some cases of scurvy 
had viscosities which corresponded to the rich­
ness of the blood in corpuscles.
To/
o o o
The blood viscosity depends on the number of
the corpuscular elements present?and on the viscosity
of the plasma. It is rapidly altered by conditions
which concentrate or dilute the fluid of the blood,
and is very sensitive to slight variations in the
carbon dioxide. Such changes are readily neutralised
*
in health, but under disease conditions persistent 
alterations of the blood viscosity frequently occur.
It is probable that many of the symptoms found in 
such cases, may be directly attributable to the 
altered blood viscosity.
For a proper understanding of the physics of the 
circulation it i3 essential to have a knowledge of 
the part played by blood viscosity}and of the modi­
fications it may undergo in disease.
To sum up -
Adam 1909 Zeit. f. Klin. Med. (68) p. 177 
"Zur Viskosität des Blutes” .
Adamson & Roaf 1908 Bioch. Jour. (Vol.3) p.422 
”The effect of acid and alkali on 
the osmotic pressure of serum 
proteins.”
Addis 1908 Quart. Journ. Med. (Vol. 2) p.149 
”The effect of administration of 
Calcium salts and of citric acid 
on the Calcium Content and coagula­
tion time of Blood.”
Albanese 1893 Arch. f. exp. Path u. Pharm.
(Vol. 32) p.297 ”Uber den Einfluss 
der Zusammensetzung der Ernahrungs- 
flussigheiten auf die Tatigheit des 
Froschherzens” .
Albanese 1908 Arch. ital. de Biol. (Vol.50)
p.387 "Influence des electrolytes 
sur la Viscosite/ des liquides colloid- 
aux."
Allbutt 1911 Quart. Jour. Med. (4) p.342
”The Viscosity of the blood - a 
review.”
Amerling 1910 Med. Bld. (Wien) (Vol. 33) p.525
”Die Viskosität des Blutes bei 
Neugeborenen” .
1911 (A Polish reference abstracted 
in Fol. Haemat. 1911) "Beitrage 
zur Frage der Viskosität des 
Blutes."
Austrian 1911 Johns Hopkins Hosp. Bull.(22) p.9 
"Viscosity of the blood in health 
and disease."
224.
10. Bachmann 1908 D.A. f. Kl. Med. (94) p.409.
"Die K l i m  Verwertung der 
Viskosität-bestimmung" .
11. 1909 Med. Klin. (5) p.1364.
"Die Viskosität des Blutes und 
ihre diagnostische Bedeutung” .
12. 1910. Med. Klin. (6) 1378. "Weitere
Klinische Beitrage zur Viskos- 
itäts bestimmung".
13. Baffoni Luciani 1909 Arch. ital. de Biol.
(Voi. 51) p.246. "Recherches 
physico-chemiques sur le sang 
maternel"•
14. Barcroft & Mines 1908 Jour. Phys. (36) p.275.
"The effect of hirudin on the 
gases of the blood".
15. Barr 1906 Lancet (Vol.2) p.479 "The circula­





Jour. Phys. (Vol.53) p.162. 
"The neutrality of the Blood".
Proc. Roy. SOc. "B" (90) p.415 
"Observations on the changes in 
the Blood Pressure and Blood 
Volume following operations in 
Man".
1904 Arch. di Fisiol. (3) p.309 
& p.403. "Sui Mutamenti fisio- 
chemici del sangue nelle variazi 
oni di pressione sanguina".
Deut. med. Woch. (No.15) p.590 
"Klinische Untersuchungen über 
die Viskosität des Blutes bei 




20. Benoe 1906 Zeit. f. Kl. Med. (58) p.203. 
"Klin. Untersuchungen über die 
Viskosität des Blutes."
21. Bingham & Durham 1911 Amer. Chem. Jour (46)
p.278 "The viscosity and fluidity 
of Suspensions of finely divided 
solids in liquids".
22. Blunschy 1908 Corresp. bl^-. f. Schweitz,Aertze 
(38) p.664 "Beiträge zur Lehre 
von der Viskosität des Blutes". 
Also published as an Inaugural 
dissertation at Zurich and in 
book form.
23. Bohme 1910 Deut. med. Woch.(16) p.871.
"Einfluss der Muskelarbeit auf 
die serum konzentration".
24. Bolle 1909 Inaug. Diss. Berlin p.29 (abstract 
from D.M.W. (36) p.2111) 
"Beiträge zur Kenntnis der 
Viskosität des Blutes, des 
Serums, und des Plasmas".
25. du Bois Reymond, Brodie & Müller 1907. Aroh f.
Anat. u. Phys. (Phys.abt. p.37) 
"Der Einfluss^der Viskosität auf 
die Blut-Strömung und das 
Poiseuille’sche Gesetz".
26. Bottozzi 1898 Arch. ital de Biol. (29) p.401. 
"Recherches sur la Viscosité' de 
quelques liquides organiques 
etc. "
27. Bottozzi & Japelli 1908 Bioch. Zelt (9) p.331.
"Physiko-chemische Eigenschaften 
des Blutes und der Lymphe nach 
Transfusion homogenen Blutes."
28./
Bottazzi 1907-8 Biooh. Zeit. (7) p.421
"Wirkung der Viskositäts­
änderungen des Blutes auf der 
Harnabsonderung."
1908 Arch. ital. de Biol (50) p.97 
"Les temps d ’écoulement du 
serum du sang etc."
1913-14 Arch. ital. de Biol (60) 
p.199. "Modifications de la 
Viscosité'" et de la Tensions 
superficielle de suspensions 
de methemoglobine par l'action 
de H01 et de NaOH.
Also at page 232.
Boveri 1908 Clin. med. ital (No.9) "Sui
rapporti fra pressione 
arteriosa e numero dei globuli 
rosi del sangue»"
1908 La Presse Med.^ (16) p.499.
"La Viscosité' du sang et iode"
Boycott & Chisholm 1909 Bioch. Jour (Vol. 5)
p.23. " A  method for determin­




Riv. Med. del Ros. (No.6) p.403 
(Ref. in Fol. Haemat. 1917)
Verh. d. Arzte in Budapest.(14’ 
p.l. "Die Rolle der Viskosität 
des Blutes in Kreislauf bei 
Herzkranken".
Broking 1909 Med. Klin. (5) p.1518. Zur
beeinflussung der Blut Viskos 
ität durch Kohlensäure und 
Sauerstoffhadert
227.
37. Bruck 1910 Med. Klin. (6) p.1511. "Die
Bestimmung der Viskosität des Blutes"
38. Brunton 1914 "The Therapeutics of the
Circulation".
39. Bucco 1914 Riforma Med. (30) p.309 "Viscosità
del sangue e pressione cardio­
vasculare" .
40. Burton-Opitz „1900 Pflügers' Arch. (82) p.447.
"Uber die Veränderungen der Viskos­
ität des Blutes unter dem Einfluss 
verscheidener Ernährungen", and 
page 464. "Vergleich der Viskosität
des normalen Blut   ........  bei
verschiedener Temperatur".
41. " 1902 Amer. J. Phys. (7) p.243.
"A comparative study of the 
Viscosity of the Blood".
42. 1904- Zentralb. f. Phys. (18)
p.493. "Ein Beitrag zur Viskosität} 
des Blutes.”
43. 1905 Jour. Phys. (32) p.8
"Changes in viscosity of blood 
produced by alcohol".
" page 385. "Blood Viscosity 
in Narcosis."
44. 1906 Jour. Exp. Med. (8) p.59.
"The effect of changes in tempera­
ture upon the viscosity of 
"living" blood. "
" page 240. The effect of 
intravenous injections of dextrose 
upon the viscosity of the blood.
45. 1906 Pflùger's Archiv.(112)p.189












Burton-Opitz 1907 Pfluger's Arch.(119) p.359.
"Weitere Bestimmungen der 
Viskosität des Blutes".
1911 Jour. Am. Med. Ass. p.353. 
"The Viscosity of the Blood".
1914 Amer. Jour. Phys.(35) p.51. 
"The Viscosity of Laked blood". 
and page 265. "The Viscosity 
of blood in inhalation of 
alcohol".
1918 Amer. Jour. Phys.(45) p.25 
"The Viscosity of Lymph".
Riv. Crit. di Clin. M e d . (13) 
p.497. "La Viscosità del 
sangue e l ’uso degli alcalini", 
and two other references with 
same title in same year.
Arch. di Fisiol (Vol.4) p.341 
"Sulla viscosité del siero di 
sangue".
La Semaine Med. (30) p.597. 
"La Valeur clinique de la 
Viscosité' du sang."
Chick & Martin 1912 Zeits. f. Chem. u. Indust.
der Kolloide jVol.9) p.102. 
"Die Viskosität von Kasein­
solen" .
Chick & Lubrzynska 1914 Bioch. Jour.(8) p.59
"The Viscosity of Protein 





55. Cowie 1911 Jour. Med. Res. (24) p.497












Csepai & Torday 1911 Deut. med. Wooh. (37)
p.1476 "Studien über die Serodiagnose 
der Tuberkulose und Luee mittels des 
Viskosimeters” .
Gzerng 1894 Aroh. f. exp. Path. (34) p.268.
”Die Bluteindickung und ihre Folgen” .
Dale & Laidlaw 1912 J. Path & Bact. (16) 351
”A Simple coagulometer” .
Determann 1906 Zeit. f. kl. Med. (59) p.283
"Klinische Untersuchungen der Viskosität 
des menschlichen Blutes".
1906 Munch, med. Woch (53) p.905 
"Zur Methodik der Viskositäts bestimmung 
des menschlichen Blutes.”
1907 Munch. Med. Woch (54) p.1130 
"Ein einfaches, stets gebrauchfertiges 
Blutviskosimeter.
1907 Berl. kl. Woch. (44) p.687 
"Die Beeinflussung der Viskosität des 
menschlichen Blutes durch Kaltereize 
Wärmezufuhr, WarmeentZiehung und 
Warmestauung."
1908 Med. Klin. (4) p.837 "Die 
Veränderung der Blutviskosität im 
Höhenklima".
1908 Deut. med. Woch. (34) p.767 
"Weitere Untersuchungen über die 
Viskosität des menschlichen Blutes".
1909 Med. Klin. (5) p.892 "Viskositä 
und Eiweissgehalt des Blutes bei 




66. Determann * 1910 "Die Viskosität des menschliche
Blutes” - J. P. Bergmann,
67. 1910 Zeit. f. kl. Med. (70) p.185
"Zur Kritik der Viskosimetre des 
Blutes."
68. p.468 with Dr Weil. "Untersuchunge
über Viskosität und Gasgehalt des 
menschlichen Blutes.
69. 1910 Med. Klin. (6) p.1063
"Die Beziehungen der Viskosität des 
Blutes zu den Körper-funcktionen".
70. 1911 Zeit. f. kl. Med. (73) p.257
"Weitere Kritik der 
Viskosimetre des Blutes."
71. Determann und Broking 1912 Deut. med. Woch.
(38) p.994 "Beeinflusst iodein- 
verleibung die Viskosität des Blutee
Determann has advertised himself 
well for practically every paper 
appeared simultaneously in several 
journals.
72. Duncan & Gamgee 1871 Jour. Anat. & Phys. (5)
p.150 "Notes of some experiments 
on the rate of flow of blood etc."
73. Dunstan & Thole 1914 The Viscosity of Liquids
(Monogr. on Physical Chem.)
74. Du Pre Denning & Watson 1906 Proc. Roy. soc.
B (78) p. 338 "The Viscosity of 
the Blood".
75. " " " 1906 Lancet (2) p.89 "A simple
form of clinical viscosimeter."
n
n
76. Durig 1911 Wien. klin. Woch. (24) p.621.














Eisler & Laub 191g Wien. klin. Woch. (25)
p. 735 "Viskositäts bestimmungen
bei Tuberkulose.”
Erb. 1907 Deut. Aroh. f. kl. Ked. (88) p.36 
"Uber den Einfluss von Blutdruck­
schwankungen auf die Konzentration 
des Blutes".
Ewald. 1877 Arch. f. Anat. u.„Phys. (77) 
Phys. Abt. p.208 ''über die 
Transpirationen des Blutes i'
Ewart 1904 Brit. Med. Jour. (2) Suppl. p.10 
"The Viscosity of Blood".
Evans & Ogawa 1915 Jour. Phys. (49) Proceed­
ings p.ix "Effect of altering 
the blood viscosity of circulating 
blood on the cardiac output in 
heart lung preparations".
Fano & Rossi 1904 Arch. di fisiol. (i) p.609 
"Nota sui liquidi colloidali".
1904 Arch. di fisiol. p.492 
"Sulla viscosità del siero".
1905 Arch. di fisiol.(11)p.589 
"Sulla viscosità del siero.
sanguino nelle lesioni sperimentali 
dell * apparecchio tiro-paratiroideo1
Ferrai 1904 Arch. di fisiol. (1) p.385
"Richerche viscosimetriche sul sangue 
asfittico."
1908 Arch. ital. de Biol.(50) p.277 
"Recherches viscosimetriques sur 
le sang en putrefaction."
Filippi 1909 Lo Sperimentale (63) p.199 
"Su i principali methodi etc." 
and at p.210 Methodi di mesura 
della viscosità e attrito interno, 
at page 373. Su i Rapporti tra i
mutamenti della viscosità ......













Pilippl 1910 Arch. ital. de Biol. (53) p.105 
"Sur les principales methods pour 
la r©cherche de quelques proprle'te' 
physiques du sang."
Fugitani 1907 Arch. intern, de Pharm. et
Therap. |¡17) p.305 "Uber Blut- 
viskositat und Harnabsonderung".
Gazzetti 1913 Arch. di fisioi. (li) p.173
"Influenze dei sali alogeni alcalir 




1906 Zeit. f. kl. Med. (58) p.318 
"Uber den Einfluss des Wassergehalte 
des Blutes auf die Dimensionen der 
roten Blut körperchen".
Jour. Am. Chem. Soc. (30) p.721 
"Viscosity curves".
Gibson & Banzhaf 1910 Jour. Exper. M e d . (12)
p.411 "Characteristic Quantitative 
changes in the proteins of blood 
plasma during immunisation".
Glaubermann 1912 Beri. klin. Woch. (49)p.1991 
"Der einfluss des Druckes auf den 
Koefficienten der Blutviskosität"
Gokun 1908 Zeit. f. Chem. u. Indust.d.Kolloide 
(3) p.2 The influence of electro­




Phil. Trans.(1) p.l "On diffusion 
of liquids." and p.805
Phil. Trans. (157) p.373 "On 
liquid transpiration in relation 
to chemical composition.
1894 Edin. Hosp. Reports (2) p.62 
"On the changes in the circulation 















1913 Hygiea (Stockholm) p.140 
"Bidrag till kannedommen ôm de 
hoite blodkropparna,s betydelse 
for blodviscositeten."
1914- Beitrag zur Klin. d. Tuberk 
(30) p.l. "The importance of the 
white count for the blood viscosity."
1733 Statical Essays Vol.2.p.143 
"Haemostatics."
1902 Osmotischer Druck und 
Ionenlehre.
1890 Wien. klin. V/och. (3) 
p.1018 "Uber eine neue Methode 
zur Bestimmung des specifischen 
Gewichtes des Blutes."
1905 Jour. Phys. (33) p.251. 
"The viscosity of globulin 
solutions."
1916 Proc. Phys. Soc.(28) p.99 
"Some problems of living matter."
1873 Gaz. Beb. de Med.(10) p.236 
"Essai sur la Transpirabilité du 
sang."
1876 Gaz. Leb.^ de Med.(15) p.418 
"Transpirabilité du sang."
1876 Compt. Rend. d. l ’acad.
(83) p.696 "Sur 1 ’écoulement du 
sang par les tubes de petit calibre."
1910 Koll. Zeits. (7) p.301.
"Die Viskosität der Dispersoide."
1911 Koll. Zeits. (8) p.34.












110. Hatschek 1912 Koll. Zeits.(ll) p.280.
"Die Existenz und Wahrscheinliche 
Dicke von Adsorptionshüllen auf 
Suspensoid Teilchen." 
p.284. "Die Zusammensetzung der dis­
persen Phase von Emulsoidan."
# 1913 Trans. Farad. Soc. (57) p.80.
"The viscosity of two phase systems."
1916 Proc. Phys. Soc. (28) p.250.
"The Viscosity of colloidal solutions."
1917 Report Brit. Assoc. Adv. Science 
p.21 "The Viscosity of Colloids."
1919 An introduction to the Physics 
and Chemistry of Colloids.
Heffter 1892 Arch. f. exp. Path. u. Pharm.
(29) p.41 "Uber die Ernährung des 
arbeitenden Froschens^herzens".
Hess 1904 Deut. Arch. f. kl. Med. (79)
p.128 "Uber die Beeinflussung des 
Flus s i ghe i 13 aus t aus che s zwi s chen 
Blut und Gewebe durch Schwankungen 
des Blutdruckes."
1906 Viertelj.d.Zürich Nat. Gesell. 
(51) p.236 "Viskosität des Blutes 
und Herzarbeit."
1907 Munch, med. Woch. (54) 1590 
"Ein neuer Apparat zur Bestimmung der 
Viskosität des Blutes."'
p.2225 "Die Bestimmung der Viskosität 
des Blutes'.
1907 Cor. bl. f. Schweitz. Aertz.
(37) p.73 "Ein neuer Apparat zur 
Bestimmung der Viskosität des Blutes."
1908 D.A. f. kl. Med. (114) p.404.
"Die Viskosität des Blutes bei Gesunden"


















Hess 1909 Hed. Klin. (5) p.1397.
"Die Viakosimetrie des Blutes."
1910 Zeit.f.kl.Med.(71) p.421. 
"Reibungswiderstand des Blutes und
Poiaeuille * sehe Gesatz."
1911 Deut. Med. Woch.(37) p.1854 
"Zur Kritik der Viskosimetrie."
1911 Pflüger’s Arch.(140) p.354. 
"Blutviskosität und Blutkörperchen"
1912 Arch.f.Anat. und Phys. (Phys. 
Abt.) p.197. "Der Stromungawiderstand 
des Blutes gegenüber kleinen Druck­
weiten" .
1913. Berl. klin. Woch (50) p-197 
"Der Einfluss des Druckes auf den 
Koefficient der Viskosität."
Heubner 1905 Arch.f.exp.Path u. Pharm.
(53) p.280 "Die VisXositat des Blutes"
1905-S Ditto. (54) p.149 
Further notes on same.
Heusler 1908 Inaug. Diss. (Zurich)
Hirsch & Beck 1900 Munch.med.Woch(49)p.1685.
"Eine Methode zum Bestimung des inneren 
Reibungswiderstandes des lebenden 
Blutes beim Mensohen."
1901 Deut. Arch.f.kl.Med.(69)p.503. 
"Studien zur Lehre von den Viskosität




p.54 "Die Viskosität des Blutes."
Holmgren 1913 Deut. med. Woch. (39) p.217. 
"Uber den Einfluss der Weissen 















Humphrey & Hatsohek 1916 Proc. Phys. Soc. 
(28) p.274 "The Viscosity of 
Suspensions of Rigid Particles at 
different rates of shear."
Hurthle 1897 Deut. med. Woch.(50) p.51
"Uber den Widerstand in der Blutbahn."
1897 Report of British Assoc.(Toronto) 
p.815 "0n the resistance of the
vascular channels."
1900 Pflüger’s Archiv.(82) p.415 
"Uber eine Methode zur Bestimmung der 
Viskosität des lebenden Blutes und 
ihre Ergibnisse."
1912 Pflüger’s Arch.(147) p.509 
"Uber die Beziehung wischen Druck und 
Geschwindigkeit des Blutes in der 
Arterien."
Isac 1910 Zeit.f.Immunitats.f.(7) p.199
"Viscositätsniedrigung durch Gelatin 
antiserum."
Jacobj 1901 Deut. med. Woch (27) wVereins­
beilage p.63. "Zur Viskosität des 
Blutes."
Jappelli 1907 Arch.di.fisiol.(4) p.101.
"Contributio allo studio d^influenza 
dell ’ aumentata viscosità del sangue 
sulla meccanica cardio-casculare."
Johnston-Lewis 1911 Brit. Med. Jour. (2) p.11], 
"Hypertension, Blood Viscosity and 
capillary spasm."
Jones 1907 Washington Carnegie Inst. Pubi.
No.80 "Conductivity and Viscosity in 
mixed solvents.
1913 ditto No.180 "The freezing 
point, and viscosity of solutions of 
electrolytes in water etc."
1915 ditto. No.210 
electrolytes etc.1*
"Viscosities of
147. Jorns 1909 Med. (iKlin. (5) p.1049 "Studien zur
Viskosität des Blutes beim Gesunden 
und Kranken."
148. Josue et Parturier 1916 Comp.rend.soc. Biol,
(79) p.371. "Recherches sur la 
viscosité^ du sang humain."
149. 1916 Ann.de Med.(3) p.343.
Same title.
150. Kagan 1911 Deut. Arch.f.Kl. Med.(102)
p.190 "Zur Technik der Viskositäts­
bestimmung" (also in book form)
151. Kopaczewski 1919 Comp. Rend.Soc. Biol, p.1269
"Les charactères physico-chemiçjues du 
serum au point de vue de la reaction 
de Bordet-Wassermann."
152. Koryani & Bence 1905 Pfluger’s Arch. (110 )p.51E>
"Physikalisch-chemische Untersuchungen 
über die Wirkung der Kohlensäure 
auf das Blut.
153. Kottmann 1907 Cor. Bt. f. Schweitz. Aertze
(37)p.97 "Uber die Viskosität des 
Blutes (also at page 129)
154. Krogh. 1919 Jour. Phys. (52) p.457.
"The supply of Og to the tissues and 
the regulation of the capillary 
circulation."
155. Krone 1910 Deut. med. Woch.(36) p.1438
"Uber den gegenwärtigen Stand der Lehre 
von der Viskosität des Blutes."
156. Kundig * 1903 Inaug. Diss.(Jena) "Uber die
Viskosität des Menschlichen Blutes 
nach Schwitzprozeduren."
157. Landois 1904 Textbook of Human Physiology.
158./
158. Landini & Ceroni 1910 Riv. Crit. di din.
med. p.729 "Dell’ influenza di
alcuni preparati di iodio sul 
coefficiento viscosimetrico del 
sangue.”
159. Langstroth 1919 JOur. Exp. Med.(30) p.597
”Blood Viscosity."
160. Larrabee 1911 Jour. Med. Res.(24) p.15
"The volume index of the red 
corpuscles."
161. Leukei 1909 Zeit. f. diat u phys. Therap.
(13) 405 "Die Wirkung der 
Luftbäder .... auf die Viskosität 
des Blutes."
162. Lewy 1897 Pfluger's Arch.(65) p.447
"Die Reibung des Blutes."
163. Liebermann 1911 Bioch. Zeit.(33) p.218
"Apparat zur Bestimmung der Viskos­
ität besonders derjenigen von 
Serum."
164. Lindemann 1908 Inaug. Diss. (Marburg)
"Klinische und experimentelle 
Beiträge zur pharmakologischen^ 
Beeinflussung der Blutviskosit’at."
165. v. Limbeck 1895 Arch. f. exp. Path u. Pharm.
(35) p.309 "Uber den Einfluss des 
respiratorischen Gaswechsels auf 
den roten Blutkörperchen."
166. Loeb. 1918 Jour. Biol. Chem.(34) p.9i
"Influence of neutral salts on the 
viscosity of gelatine solutions."
167. Lommel 1904 Deut. Arch. f. kl. Med.(80)
p.308 "Uber die Viskosität des 




168. Lust 1910 Arctu f. Kinderh.(54) p.260
"Die Viskositat^des Blutes beim gesunden 
und kranken Saüglung."
169 1911 Jahrb. f. Kinderh-(73) p.208
"Uber der Wassergehalt des Blutes etc."
170 Luziani 1910 Lo Sperimentale (64) p.351 
"Sulla viscosimetria e Tensimetria 
clinica etc."
171. McCaskey 1908 Jour. Amer. Med. Ass.(51)p.1653 
"The viscosity of the blood - its value 
in clinical medicine."
172. Magnanimi 1909 Arch. ital. d. Biol.(52)p.152
"Variations viscosimetrìques ....  du
sang dans la submersion experimentelle."
173. Martinet 1912 Le Journal med. Français (6 ) 
p.60 "Viscosité'- sanguine et artério­
sclérose.
174. 1912 "Pressiones Arterielles et Viscosité
Sanguine" (Book form).
175. Matsuo 1912 Deut. Arch. f. kl. Med.(104)
p.433 "Uber die Viskosität des Blutes 
bei gesunden und anämischen Japanen 
u, s, w."
176. Matschawariani 1913 Russk. Wratsch (No.31) 
p.1091 "Blood data in Tuberculosis.
177. Mayer 1901 Comp. Rend. Soc. Biol. (53) p.1138
"Presentation d"un Viscosimetre.
Role de la Viscosité' ... dans les 
échangés organiques."
178. 1902     (54 ) 'p.365 " C o e f f i c i e n t s
de Viscosité' du serum et du plasma des 
sanguins normaux." and page 767 
Variations de Viscosité' et de quantité' 
des substances albuminoides du plasma 
sanguin."
240 »
179. Mayesima 1911-12 Grenz.d. Med. u. Chir. (24)
p.413 "Klinische und experimentelle 
Untersuchungen über die Viskosität des 
Blutes."
180. Müller & Inada 1904 Deut. med. W0ch.(30)
p.1754 "Zur Kenntnis des iodwirkung 
bei Atherosclerose."
181. Müller 1910 Grenz.^d. Med. u. Chir.(21) 
"Die Viskosität des Blutes .... bei 
chirurgischen Krankheiten."
182. Mellanby 1909 Jour. Phys.(38) p.441.
"The Coagulation of Blood."
183. Moore & Roaf 1907 Bioch. Jour. (2) p.34
"On the equilibrium between cell and its 
environment etc."
184. 1908 Bioch. Jour. (3) p.422. The effectof acid and alkali on the osmotic pres-; sure of serum proteins.
185. Munzer & Block 1909 Zeit.f.exp.Path u. Pharm.
(7) p.174 "Beiträge zur Kasuistik der 
Viskositäts-bestimmunges Methode."
186. 1912 <f Z. f. exp. Path, p.264 "Weitere
Beiträge."
187. Nicholls 1896 Jour. Phys.(20) p.407 
"Haemodynami cs."
188. Ochlecher 1910 Berl. kl. Woch.(47) p.578 
"Der praktische Wert der Viskosität­
messung des Blutes bei akutes 
chirurgischen Erkrankungen."
189. Ostwald 1915 'colloidal Chemistry.'
190. 1917 "introduction to Theoretical &
Applied Colloid Chemistry'.'
191. Oswald 1910 Zeit. Exp. Path.(8 ) p.226
"Uber den Chemismus der Entzündung."
241.
192. Parturier & Dons-Kaufmann 1917. Gomp. Rend.
Soc. Biol.(80) p.407. "Ljaction de la 
digitale sur la Viscosité-* sanguine etc." 
and at page 456. “ L 1 action de l'iodure 
de potassium sur la viscositeC"
193. Pauli 1903 Physical Chemistry in the Service
of Medicine.
194. 1913. Trans. Farad.Soc. p.54 "Viacosit 
and Electro Chemistry of protein 
solutions.
195. Pellissier 1912 Bull. Soc. d'obst. et^de 
Gyn. (15) p.851. "De la viscosité du 
sang total chez la femme enceinte et 
accouchée. *'
196. Philip 1913 "Physical Chemistry.
197. Plessi & Vandini 1912 Rev. Crit. di din.
med. (12) p.609 "Viscosimetria del
sangue in alcuni stati morbosi."
198. Poiseuille 1841 Mem. des Savant. Étrang.(7)
p.105 "Recherches sur les causes du 
movement du sang dans les vaisseaux 
capillaires."
199. 1843 Comp. Rend de l'Acad.(16) p.62
"Recherches sur l'écoulement des liquides,
considérés dans les capillaires vivantes.
200. 1843 Amm. de Chem et de Phya. (7) p.50
Recherches experimentalise sur le move­
ment des liquides dans les tubes de 
très petites diameters."
201. 1846 Mem. des Sav. Etran.(9) p.433
(same title as above.)
202. Reynolds 1883 Phil. Trans "A" (174) p.935
"An experimental investigation of the 
circumstances which determine whether the 
motion of water shall be direct or sinuous 
etc
203. 1894 Phil. Trans. "A" (186) p.125
w°n the dynamical theory of incompressible viscous fluids and the determination of 
the criterion."
242.
204. Robertson 1918 "Physical Chemistry of Proteins
205. Robert-Tissot 1907 Fol. Haemat.(4) p.499
"La viscosité sanguine."
206. Roger 1908 Arch.de Med. exp. et d'anat.
path. (20) p.365 "Introduction à 
l ’étude de la viscosité du sang."
207. Rollet 1900 Pflüger’s Arch.(82) p.199
"Electrische u.thermische Einwerkungen 
auf das Bluthund die Struktur der 
roten Blut-körperchen."
208. Rossi 1904 Arch.di.fisiol (1) p.500
"La Viscosità e la resistenza elettrica 
del siero a temperature varie."
209. 1914 Arch. di. fisiol.(12) p.415
"Sulla viscosità della endolinfa e 
della perilinfa."
210. Rothmann 1913 Berl. kl. WOch.(50) p.1013.
"Kritische Untersuchungen über die 
Methoden der Viskosimetrie des Blutes."
210. 1914 Pflüger's Arch.(155) p.318
"Ist das Poiseuille ' sehe Gesetz fur 
Suspensionen gültig."
212. Rotky. 1907 Zeit. f. Heilk (28) Abt.f. in 
Med. p.106 "Beitrage zur Viskosität 
des Menschlichen Blutes."
213. Rumyantseff 1913 Russky Vrack (12) p.1024 &c.
"Viscosity of Bldod in Children with 
infectious diseases (abs. Cent*3 f.Path. 
1914, p.301)
214. Russell 1907 'Arterial Hypertonus"
243.
215. Sadikoff & Lozinsky 1914 Russky Vrack.(13)
p.633 "The influence of water,saline 
etc,on blood viscosity."
216. Saneyoshi 1917 Mitth... Med. Fakulk. Tokio.
(18) p.401 "The viscosity of the 
blood in experimental anaemias."
217. Scarpa 1911 Lo Sperimentale (65) p.447
"Su una nuova forma di viscosimetro 
ad efflusso."
218. Scheitlin 1909 Inaug. Diss. Zürich.
"Vergleichendei(Untersuchungen über die 
Blut Viskosität bei gesunder und 
kranken Tieren."
219. Segale 1907 Arch. ital. de Biol.(4S) p.373
"Sur quelques valeurs physico-cliniques 
du sérum de sang."
220. 1913-14 Arch. it. de Biol.(60) p.194 
"Reaction actuelle du sérum de sang chez
les individus parathyroidectomises."
* „221. Smit 1911 Viscositat en Viscosimetrie van
het bloed"(Grôningen.)
222. Snyder & Todd 1911 Amer. Jour. Phys.(28) 
p.161 "The viscosity of body fluids 
at various temperatures within physio­
logical limits."
223. Simon 1911 Beitrag z. kl. Chir.(92) 1
Viskoaitäts bestimmungen des Blutes bei 
chirurgischen Baucherkrankungen."
224. Spiro & Henderson 1908-9 Bioch Zeit.(15) 
p.114 "Einfluss der Kohlensäure auf 
die Verteilung von Electrolyten zwischen 
roten Blutkörperchen und Plasma."
225. Starling 1909 "The Fluids of the Body.'
244.
226. Steiger 1913 Wein kl. Woch.(26) p.1749
MUntersuchungen über die Viskosität 
bei Morbus maculosus Werlhofi."
227. Sussenguth 1912 Med. Klin.(8 ) p.987.
"Die Bedeutung von Viskositäts­
untersuchungen des Blutes bei gewissen 
chirurgischen Erkrankungen."
228. Thieulin & Bernard 1919 comp. Rend. Soc.
Biol., p.1278 "Action du Per colloidal 
electrique sur la Viscosité du sang.
229. Thoma 1910 Deut. Arch. f. Kl. Med.(199) 
p.565. "Die Viskosität des Blutes 
und seine Strömung im Arterien system."
230. Thorpe & Rodger 1894 Phil. Trans. A. (185)
p.397 "On the relations between 
Viscosity of liquids and their chem­
ical nature."
231. Tigerstedt 1907 Erg. der Phys. (6 ) p.265 
"Der Arterielle Blutdruck".
232. Trommsdorff 1901 Arch. f. exp. Path.u. Phar.
(45) p .66 "Untersuchungen über der
innere Reibung des Blutes und ihre 
Beziehungen zur Albanese'sehen 
Gummilösung."
234. Trumpp 1909 Münch, med. Woch. p.2145
"Viskosität, HämoglobinAind Eiweiss-gehalt 
des kindlichen Blutes."
235. 1911 Jahrb. f. Kinderh.(83) Erg.hft.
p.89 "Viskosimetrische Studien".
236. Turner 1902 Nature (66) p.127 "The electrical 
resistance of the blood."
237. Ulmer 1909 Inaug. Diss. Zürich "Die 
Bestimmung des Volumens der roten blut" 
körperchen auf Viscosimetrischen wege."
S45.
238. Vandam 1909 Nederl. Tijdschr. (Amst.) vol.43
p.782 "Viscositeit."
239. Veazey 1907 Amer. Chem. Jour.(37) p.405 
"The Viscosity of mixtures of Ethyl- 
alcohol and water."
240. Vidoni & Gatti 1910 Gaz. deg. Osp. No.120
p.1265 "Viscosità del sangue ....gli 
oesinofili nell* epilessia."
241. Vinaj 1910 Gior. Accad. Med. (Torino)
Series IV Vol.16. p.50 "I bagni di 
luce Kellogg e la viscosimetria del 
sangue."
242. Weber & Watson 1904 Pol. Haemat. (1) p.392 
"The dependence of the blood viscosity 
on the number of the red corpuscles."
243. Weber 1905 Lancet (1) p.1254. "Polycythaemia 
and Plethora."
244. Weill & Gardere 1912 Lyon Med.(119) p.95
"litude de la Viscosite' du sang chez 
1 'enfant."
245. Wells 1917 ^Chemical Pathology.
246. Welsh 1912 Heart p.118 "The Viscosity of 
the Blood."
247. White 1911 Bioch. Zelt.(38) p.482
"Ein neues Viskosimeter und seine 
Anwendung auf Blut und Blutserum."
248. Wright 1912 Technique of the Teat and
Capillary glass tube p.88. "On a simple 
method of measuring the alkalinity of 
the Blood."
246.
249. Zanda 1907 Arch. ital. de Biol.(47) p.299 
"L'action de la Caffeine et de la 
diuretine sur la glycose, l'uree 
et la Viscosité du sang."
250. Zangger 1908 Comp. rend. Soc. Biol.(64) 
p.485 "Un appareil^nouveau pour 
mesurer la viscosité du sang.”
251. Ziveri 1910 Riv. ital. di Neuropathologia
(2) p.537 "La Viscosimetria clinica 
in psichiatria."
252. Zsigmondy 1917 ^Chemistry of Colloids'!
References marked with an asterisk 
not been able to verify personally.
I have
